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THE AMERICAN PHYSIOLOGICAL SOCIETY 


(if iiiiiK'r.i rcccivinl fnim tlic .''coriilary of the Society. Since tlicrc will he no meet- . 
inp in I'.'ll lhe.«e |i:HM'rj! an' ti> he ivpnnU'tl n.s "read hy title”. For iionsihle conoction.s in 
any of tlic.-te .ahitracts ^ee the next issue. 


Dclijdrntion exhaustion. Iv F .\noi.rii, 11. 
Itr.ovv.x (hy invitation! and 11 1! min (hv invita- 
tioiO. of PhlisioUii;;/, Srhuol of Mnltdnr mill 
Drnliflr;;, I’liir. of ItiH'loflc. Horbcflir. S', Y. 
Men arclimatiri'd to the de.serl who nalked with- 
out drinkinp water heeaine e\h:iU‘*ied uheii they 
h.ad lost (.hy sweatinp) from 1 to N fer rent of their 
hitiiy weiphts. On day.s of inaMm.il air teni]iera- 
ture in.VF. this state was n-arhe.l in 1 to 7 hours. 
Over to instancc.s have hern oti-erved. most of 
them in the iicld. a few of tlieoi m the lahoratory 
hot room. 

Sipns and symiitoius of onronnnp exhaustion 
Wore; weariness, irritahiliiy . dimness, dyspnea, 
sen.s.ation of muscular fatimie. lln-lnnp. ahdominal 
.ache, accelerated heart rate niln iher restinp or 
w-.alkinphri.sinp rectal temperature reflex restless- 
ncs.s, cyanosis, and a feelinp of hr.it oppn'S.sion. 
Measures which miuced circulai“rv strain 
lyinp down, tnovinp the lepsi in sm.dl part allevi- 
ated the symptoms of dchydratem exhaustion. 
Thirst sensations in these rapid dehydrations 
X'aricd amonp individuals and 'i< rr iisuidly no 
more than moderately unpleasant. < .rntrols who 
dranl; water freely, avoided exhaustion , tho.se who 
experienced it were larpciy relieved in 15 minutes 
of drinking ad libitum. 

Kurinp desert dehydration the blood volume 
(mc.asured hy dye injection and hematocrit ) was 
markedly diminished; the .serum was concentrated 
(mc.asured hy refractive index! about 2] times as 
much !is the body as a whole. Chloride and non- 
protein nitrogen became concentrated in the 
scrum in nearly the same proportions. Hence water 
alone seemed to be lost from the circulation. To 
this disproportionately large decrement in blood 
x'olumc is attributed in large part the signs of 
peripheral circulatory failure. Ili’ork lione under 
contract, sponsored hy CMR, between OSRD and 
the University of Rochester. Field studies were 
made possible hy various units of the f . S. Army.} 
Voluntary dehydration. E. F. AnoLrii and .-Vseb 
R oTiLSTEtN (by invitation). Dept, of Physiology 
School of Medicine and Dentistry, Univ. of Roches- 
ter, Rochester, .V. Y. Men in the desert or in the 
laboratory hot room do not drink voluntarily as 
much water between meals as they lose by sweat- 
mg. What inhibits them from drinking? When 
men periodically force-drank enough water to 
beep up the body weight, no diuresis developed, 
showing that water could be retained to the usual 


extent. Evidently the nrg(> to drink wa.s di- 
minished. 

Hates of sweating U)) to l!00 grams iier hour were 
nsunily eipialled hy drinking, if cool water anti 
leisure were available. At. gretiter rate.s, e.speeially 
with physical work, the delieit of body water iii- 
ereased disitroporlionately. Hut after a dofieit of 
ahmil 1 per cent of hotly weight hail heeii eon- 
traeted, drinking teiuied to keej) [lacc with water 
lo.is. .Similarly, when water wa.s denied tinti! the 
end of the period of work, rehydration was incom- 
plete. 5Vl if Wilier was then forced, no water 
diuresis resulted. 

When .salt Wits ttiken either in the water or sepa- 
rately, x-olnntary deliydriition also jircvaileil. 
Elavored water or warm water exaggerated the 
ilefieit . 

The .serum hcctimo rotieenf rated in ahotil the 
same proportion to lo.ss of hotly weight whether de- 
hyilrjition wtia voluntary or comi>u!.sor,v. 

Evidently water intake was di.splaccd from its 
msiial relation to the Imtly’s water content by rapid 
sweating. Voluntary dehydration i.s not due to 
inability to retain water, but is an anomaly of 
thirst, tlic urge to drink Witter. [IForA- doncundcr 
contract, sponsored by CMR, between OSRD and 
the Unieersily of Rnrheslcr. Field sludics were 
made pn.ssiblc by various units of the V. R. Army.} 

Spontaneous and induced epileptiform seizures 
in dogs. FnKDKiticK M. Au.kn mid Otis M. Com;. 
Dept, of Physiology and liiochemistry, iVcir I'orA 
Mcdieal College. .\ .spontaneou.s convulsive dis- 
order, ealied c])i!cp.sy hy veterinarians, i.s fully its 
prevalent among dogs as epilepsy is among liunmn 
beings. Tliorc is a dormitc pattern of such seizures, 
which is identical with the form of convulsions in 
the water intoxication discovered by Rowntree. 
Spontaneous attacks on this pattern, not resulting 
from water ingestion, have been described (Alien: 
J. Urol., 49: 520, 1943) in dogs after partial ne- 
phrectomy with or witlioul teniporar}’ clampings 
of the remnants. 

It has been found that while all dogs are subject 
to water intoxication, the susceptibility varies 
widely among apparently normal individuals. 
Occasional dogs dexmlop convulsions with far less 
than the average water dosage. Among the sex'cral 
hundred dogs tested, all those subject to spontane- 
ous ‘‘epilepsy" were also abnormally sensitive to 
water administration. Tlic water sensitiveness of 
dogs in which spontaneous convulsions were nex'cr 
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seen may perhaps mark them as latent “epi- 
leptics.” The most prominent factors causing or 
e.xciting convulsions are infections (especially 
distemper) and nervous influences. The attacks are 
best controlled by sedatives and salt. 

Rowntree discovered that the suppression of 
urine by pituitrin is most conducive to water in- 
to.\ication. Studies atMorristown were the first to 
demonstrate the retardation of water e.xcretion 
with partial nephrectomy. The present experi- 
ments confirm the previously (Allen, l.c.) de- 
scribed susceptibility' of some partiallj' ncphrec- 
tomized dogs to convulsions. Also in one instance 
an electroencephalographic curve suggestive of 
epilepsy was obtained in a curarized animal with 
water intoxication. 

Changes in the hypophysis after hypothalamic 
lesions. T. H. Alphin and F. L. Dey (both intro- 
duced bj' W. F. Windle). Insl. of N cnrology , North- 
western Vniv. Medical School, Chicago. Large elec- 
trolytic lesions placed bilaterally with the 
Horsley-Clarke machine in the guinea pig’s hj'po- 
thalamus just caudal to the optic chiasma led to 
genital hypertrophy, marked follicular develop- 
ment and an “always open” vaginal membrane. A 
discrete lesion placed in the median eminence led 
to marked genital atrophy and an “always closed” 
vaginal membrane which opened cyclically upon 
administration of ovarian hormones but closed 
and remained so when these were discontinued. 

Hypothesis of “always open,” “always closed,” 
unoperated estrus, and unoperated diestrus guinea 
pigs were fixed in Champy-Kull fluid, stained by 
,the Severinghaus technique and compared his- 
ologically. .-V marked increase in acidophil cells 
t s encountered in the “always open” series. 

is api)earcd to be associated with a decrease in 
number of cliromophobe cells. The additional 
acidophils resembled those encountered at estrus 
and at the end of pregnancy' in unoperated ani- 
mals. The “always closed” series of glands con- 
tained many large, rather granular basophilic cells 
with cytoplasmic inclusion; other types of cells, 
especially acidophils, exhibited degenerative 
changes. 

It would seem that the large lesions in the hypo- 
(li.alamtis produced an exaggerated picture of 
estrus (except mating behavior, which the lesions, 
per so, abolished) and that destruction of the 
median eminence led to a picture of diestrus with 
corresj)ondingly e.vaggcratcd cytologic changes in 
the hypophysis in the former condition. [Aided 
h;/ a grant from the Committee for liesearch in 
l^roldems of Sex, National Research Council.] 

Inhibition of the endocrine function of the chick 
thyroid. E. R. Astwood, Bisseli. (by invita- 
tion) and .\. M. Huoiins (by invitation). Depts. 
of J’harmacologg and Medicine, Harvard Medical 
School, Hoston, .Ma.'ts. Representative antithyroid 


compounds which had previously been found ac- 
tive in the rat were tested on chicks beginning 
during the first week of life. The substances were 
admixed with the food in various proportions and 
the chicks were sacrificed at intervals thereafter. 
Aniline derivatives — p-aminobenzoic acid ' and 
sulfadiazine had no detectable effect upon the 
thy'roid gland,' agreeing with the observations of 
Mackenzie and Mackenzie (Endocrinol. 32: 185, 
1943) on sulfaguanidine. Thioureylenes produced 
a marked enlargement and hyperplasia of the 
thyroid gland and a decrease in its iodine content. 
Thioiiracil was the most active of the compounds 
tested; by comparison the activity of diethyl 
thiourea was approximately' one third, thiourea 
one fifth and thiobarbituric acid less than one 
one-hundredth that of thiouracil. One-tenth per 
cent thiouracil in the food induced maximal thy- 
roid enlargement; this began within a few day's 
and continued for at least 10 weeks when the 
glands from treated animals averaged 2.83 grams 
— 45 times the weight of the controls; body' growth 
was not impaired. Larger doses of thiouracil re- 
sulted in less thyroid enlargement. When given 
as a 0.5 per cent mixture in the food, growth and 
development were markedly' retarded; wattles, 
combs and spurs failed to develop, muscles were 
weak, joints hypermobile, and finally' the chicks 
became unable to stand; depot fat was increased. 
A fringe of wing feathers grew during the first 
few weeks but the down persisted and body' 
feathers did not appear. This condition is inter- 
preted as a state of cretinism in this species. 

The effect of age on the chloride and water con- 
tents of chick tissues. J. S. Barlow (by invita- 
tion), S. J. Slinoer (by' invitation) and J. F. 
Manerv. Dept, of Animal Nutrition, Ontario 
Agricultural College, Guelph, Ontario and the 
Dept, of Biochemistry, Univ. of Toronto, Toronto, 
Canada. The changes occurring in the chloride and 
water contents of chick tissues during the periods 
of growth and maturity', i.e., from 3 to 427 day's, 
were investigated intensively'; some analyses were 
also obtained on birds up to 5 years of age. All 
chicks used were of the same White Leghorn strain, 
were hatched at the same time and reared under 
identical conditions. In most cases 10 birds were 
sacrificed at each age and , their tissues and sera 
analyzed. The results are e.xpressed on a fat-free 
basis when necessary'. 

Both chloride and water diminished in concen- 
tration in skin, muscle, tendon and serum during 
the interval studied, the most striking changes oc- 
curring during the first month after hatching which 
is the period of rapid growth. During growth the 
calculated exfnicellular water of muscle decreased 
from 53 to 20 per cent, and of skin from 70 to 50 
per cent of the fat-free wet weight of the tissue. 
It remained constant during maturity but seemed 
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to (tiinini!>U upuin :is si'nility aniirourlH’d. Tho 
altorations iti (ondoH oxtraoidluliir wiitor won' loss 
strikiop l>Ut n >;liKl\t dooroaso also orourrod in 
old ape. 

Positive injury potentinls in human akin. T. 
ri'Xi.n rr. U.vuNr.s. o/ I'lnimoloijij, Unfnu-- 

maaa Mtdical ('oUrpr, J’/iiliii/i l/ihiii. Tla' fiuida- 
inontal work of Iturr r('urirmi'd (ho obsorvatious 
of Motfhoir and Itahiu (Z<'n!r;dhl. f. ('hir. ■l.'i: f)!)S, 
It'lSI that skin wounds an- oloctniposilivo oon- 
trary to tlio classical concept of ncpativo injury 
currctit. Mclehoir's theory that the positivity 
arises from prannlation is contradicted liy posi- 
tivity of fresh injuries. A needle nas thrust 
throuph the skin of the linper tii> in five succe.s.sive 
puncture.s. Measurements of the elcetroim.sitivily 
of the linpv'r-tip compared to an uninjured (iiiper- 
tip were; ‘At.-!, ■.12.1). lit). Sfi.S ami -12.:! mv. Haeh 
puncture exposed the positive inner stirface of the 
skin (see Harnes and Coe. .loom. Cell. Comp. 
Physiol, l.’i: 1'2.'), I'.tlOl. The positivity of the wound 
arise.s from the inner surface of the intact skin 
measured Ihrouph the dainapcd tirea. This can he 
demonstrtited hy the effects of u.artniitK the skin 
(which produces positivity). The woutided fiiiRer 
was 40 mv. positive to the homologous uninjtireil 
finger. The potential rose to 4H..S « hett the injured 
finger w.a.s warmed to 44''C. hut a tuuch greater 
change, from 40 to 15 mv.. occurred when the 
uninjured fitiger was warmed to tCC, 

In the frog, cutting off the foot ma<le the stump 
10-20 mv. positive to tlic intact opposite leg. In 
man st.a.sis of the circulation hy a sphygmomanom- 
eter cuff had little immediate effect on the wound 
potential. 

The positive injury potential disappeared when 
the wound healed. Two per cent allnnloin, 40 
per cent urea or 10 per cent sulfanilamide did not 
affect rate of healing. In some case.s the potential 
wag higher with allantoin and urea owing to dis- 
solving of scab. 

The effect of left-handedness, temperature, pres- 
sure and chemical agents on human skin potential. 
T. CoN'urn: Bausks. Dept, of Phystology, Hahne- 
mann Medical College, Philadelphia. Tlio skin of 
the right hand in the majority of rigltt -banded 
persons was electro-positive to that of the left 
(measured from the finger-tips), but in twenty 
left-lianded persons ten were positive on the right, 
seven were positive on tlie loft and three were iso- 
electric (average of finger to finger potentials). 
An index finger partially immobilized by injury 
to tendon twenty years previously was 10 mv. 
negative to all others. Warming the skin made the 
potential more positive, augmented when the cir- 
culation was arrested by a cuff (absence of thermo- 
regulation by blood). At room temperature block- 
ing the circulation usually produced negativity 
(the skin temperature fell to 28'’C), but there is 


little evitleiire lliiil the putnilinls measured aro 
produced l>y iimizcnl oxygon in tliu blood (Leiri, 
Skatid. .Arch, l’liy.siol. 71; Ififl, 103.5) or l>y hydro- 
gen ions ill the lilood (.SiiodgraHS, .Am. Joiirii. 
I’hysiol. MO: HOI, lOIH). 

Miiseular contraction (with or witboiil cireiila- 
tion) made the linger potential jia.Mitivo (5 to 1.5 
mv.) due to pre.s.siire of the liiigor on tlin ciij) of 
saline serving as electrode. C!anii)ing tlic relaxed 
finger gave tlie same elfeel. I’re.ssure make.s lint ter 
eoiitae! witii tlie |)o.sitivn polentiid of the inner 
.surface of llie skin (Barnes, I'ed. Pron. 1 : G, 1012). 

Sanliorn electrocardiograph paste made tlic skin 
.’l-s mv. negative confirming Beutner’s .studies on 
eoueenfraled Xn(’l solutions. Mustard plaster pro- 
ilueed ,5 mv. [lositivity nud raised the skin tem- 
perature 2'’('. Musferolc gave 5 mv. negativity. 
Cliloroform made tlie skin negative iiy cooling; 
10 per eent aluminum elilorido iirodueed 3-18 mv. 
negativity in spite of its antiliidrotie action. 

The effect of gastric and intestinal instillntion of 
Idle on gastric secretion. Wm. D. BK,\Mi;n (liy in- 
vitation), .M. H. !'. ruiKDMA.v, .1. Kaui. Thomas 
and M. iv. lU:i!n'.ss (liy invitation). Dept, of 
Phlisiolngn, J cffcT.^ni Medical College, Philadel- 
phia. .Meyer, Ivy and Mcliincry (.Arch. Int. Med. 
34; 120, 102!) found tlial bile stimulated ga.strie 
.scoroliou when introduced into cither tlic stomacli 
or intestine of Pavlov-imucli dogs. They concluded 
tliat tlie action in Imth cases came from it.s effect 
ill tlic intc.stino. Kaulliersz and Winfield (Federa- 
tion Proc. 1: 45, 1942) rei>ortcd tlmt bile placed in 
the .stomacli of Piivlov-poucli dogs increased tlio 
gastric secretion in response to liist.aniinc but tlmt 
it iniiiliitcd gastric .secretion when tlie bile pro- 
grc.ssod into tlic intestine. 

Dogs provided with gastric and duodenal fistnla.s 
were uscil ; one of t lie dogs also liad a Pavlov pouch . 
Exiicrimcnts were carried out only when the stom- 
ach showed absence of secretory actix’ity. Fresh 
dog bile or 5 per cent ox bile was instilled into 
cither the stomacli or intestine. .Adequate drainage 
of tlic duodenal cap prevented exchange between 
the stomach and intestine. 

Bile introduced into tlic stomacli in volumes of 
50 to 300 cc. resulted in a secretion of gastric juice 
after a latent period of about .30 to 45 minutes. 
When introduced directly into the intestine, bile 
did not have any secretory effect except in those 
instances where it was permitted to regurgitate 
into the stomach. When bile was introduced into 
the intestine together with proteose solution, the 
secretory response was gi'eater than when the 
proteose solution alone was instilled. 

Effects of asphyxiation at birth on learning abil- 
ity. R. P. Becker and W. F. Windlb. Dept, of 
Anatomy and Inst, of Neurology, Northioestcrn 
Univ. Medical School, Chicago. Controlled histo- 
pathologic studies have been made on brains of 
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guinea pigs which were asph 3 'xiated at birtli, re- 
suscitated and subjected to a learning test at 4 to 
6 weeks. The test was a simple alternation problem 
with food and cover as motivating factors. The 
animals had to learn that the exit was always be- 
hind a blind allej'. 

At present the brains of 36 e.xperimental animals 
and their litter-mate controls have been studied. 
Definite pathologic changes were observed in 23. 
On the maze tests, 19 of these 23 were inferior to 
their litter-mate controls. Some could not learn 
the simple problem at all. Others quickly forgot 
tlie solution. None was superior to its control. All 
controls learned the problem readily and remem- 
bered it well. Failure in learning tests was often 
correlated with extensive nerve-cell loss in sensory 
areas such as thalamic nuclei and geniculate 
bodies. In others the damage was ijredominately 
cortical. [Aided by grants from The Women’s Fac- 
idly Chib and Medical Abbott Fund of Northwestern 
University Medical School.] 

Relative Renotropic and Testoid Activity of Vari- 
ous Steroids. E. Bkland (b}'- invitation), G. Mas- 
sox (by invitation) and H. Selye. Dept, of Anat- 
omy, McGill Univ., Montreal, Canada. In a series 
of steroids we estimated the renotropic potency by 


Compound 

Amount absorbed m 
mgm. 

% increase in kidney 
weiglit 

% increase in kidney 
weight per mgm. 
absorbed 

% increase in seminal 
vesicles weight 

% increase in seminal 
vesicles weight per 
mgm. absorbed 

-."tradio! 

4.1 

-27.0 

-0.0 

210 

50.0 

Andro<!tane-3(^), 17{o)-cUol 

C.l 

5.3 

0.87 

37 

10.5 

Cis-tostostrronc ac. 

14. G 

-17.2 

-1.2 

28 

2.0 

A‘'‘-aiidrostcne'309), l"03l-diol 

C.2 

-10.5 

-1.7 

3 

0.5 

A^-androstPne-309), 17(a)-diol 






dipr. 

2.3 

-5.0 

-2.2 

80 

35.0 

Traii^-dohydro-i.eo-and ro- 






stcronf* 

20.5 

-4.0 

-0.2 

10 

0.5 

ProKO-itoronc 

12.7 

9.5 

0.7 

0 

0 

-i--prPKnonc-3r^)-oI-20-()nc 

1.9 

1.0 

0.5 

0 

0 

AcptoxyprcRncnolone 

0.9 

-2.0 

-0.29 

0 

0 

Etliynyl-tcstO'iteronp 

0.9 

2.3 

2.5 

10 

10 

I’t!iynyl-A5-andmsteno-,tfa), 






17(nf)-diol. ... 

2.5 

—4.0 

—1.0 

0 

0 

Ktiocholane-3 

19.3 

10.0 

0.5 

0 

0 

17(a)-diol 

4.4 

15.0 

3.4 

0 

0 

Cis. testosterone 

9.9 

15.5 

1.7 

0 

0 

MctiiyI-A--nndrosfcnc-3('^), 






!7Crt)-diol 

3.0 

15. S 

4.4 

53 

14.7 

AndrO'.tane-3, 17-diorie 

23. G 

22.0 

0.93 

740 

310.0 

Dt^oxyrortico-sterone ac.* 

19.7 

27.0 

1.4 

0 

0 

A‘-aTidro'>tenc-3, l7-dionc.. . . 

19.4 

.50.0 

2.5 

4000 

200.0 

Tfstft'torone jtr. . 

3.1 

50.5 

10.1 

3000 

970.0 

T<‘^if»‘'tf*rone. . . . . • 

14.2 

5S.3 

4.1 

5700 

400.0 

^Ie:Iiyl-nndn>tane-3 {a'),17(«) 






(\U\\ 

6.0 

CT.O 

9.5 

1920 

290.0 

.\ri(inr'tari»*-3 17(a) -diol 

3.1 

07.3 

21.4 

2200 

710.0 

l-ie-to-itiTom* 

17.0 

74.0 

4.2 

5500 

330.0 


• 1*1 this ctL-e rena! cnlarjcenient clti#' to nnpbro^cIcrosiN. 


the increase in kidney weight and the testoid ac- 
tivitj' bj"^ the increase in seminal vesicle weight, 
both these being expre.ssed as percentage increase 
over normal. Each steroid was tested on a group of 
S to 10 castrate male Swiss Albino mice weighing 
13 g. The steroids were administered subcutane- 
ousl 3 ’’ in the form of 3 pellets each weighing 10 mg. 
and prepared under 200 lbs. pressure. The organs 
and the remnants of the pellets were weighed on 
the 30th da 3 " of the experiment. The results sum- 
marized in the preceding table indicate that meth- 
3dandrostane-3(Qr), 17(a)-diol and, to a lesser ex- 
tent, the corresponding non-eth 3 dated compound 

have the most favorable ratio. 

testoid 

The effect of succinate and malonate on the dura- 
tion of baributrate narcosis. Karl H. Beyer and 
Albert R. L atvex (b 3 Gnvitation). From the Dept, 
of Pharmacology , the Medical-Research Division^ 
Sharp and Dohme, Inc., Glenolden, Pa. 

Since certain barbiturates inhibit the oxidation 
b 3 " brain tissue of lactate, pyruvate and glucose, 
but not of succinate, it was suggested b 3 ’’ Soskin 
and Taubenhous (J. Pharmacol., 78; 49, (1943)) 
that sodium succinate might be used as an anti- 
dote for barbiturate poisoning and to control the 
duration of anesthesia. This view was supported 
b 3 ' their experimental data. We reasoned that if 
succinate decreased the duration of barbiturate 
anesthesia, malonate which competes with suc- 
cinate for the same cnz 3 'me S 3 'stem, might prolong 
anesthesia. 

In neither mice nor rats did sodium malonate 
(250-500 mgin./kgm. intramuscularly) prolong the 
duration of pentobarbital anesthesia significantl 3 L 

Sodium succinate produced a considerable short- 
ening of pentobarbital narcosis only when ad- 
ministered in vciw large amounts. In two sets of 19 
mice each in the control and in the succinate in- 
jected groups, an injection of 150 mgm./kgm. of' 
sodium succinate intramuscularl 3 ' immediatels’ 
following the loss of the righting reflex failed to 
shorten the duration of anesthesia produced b 3 ^ 
sodium pentobarbital (SO mgm./kgm. intraperi- 
tonealb'). Wlicn 1000 mgm./kgnr. of sodium suc- 
cinate was administered the significant difference 
between these animals and those given barbiturate 
alone was 5.25 (2.0 or more indicates .a definite dif- 
ference). In ‘cross-over’ e.xperiments in rats given 
30 mgm./kgm. of sodium pentobarbital intraperi- 
tonealh' 250 mgm./kgm. of sodium succinate ad- 
ministered intriuuuscularl 3 ' decreased the duration 
of narcosis in both groups. In a similar ‘triple- 
cross-over’ experiment involving injections of dis- 
tilled water, sodium succinate (500 mgm./kgm.) 
and .sodium malonate (500 mgm./kgm.) at weckl 3 ' 
intervals the succinate shortened slightl 3 ' the du- 
ration of narcosis (significant difference = 2.4'), 
whereas malonate had no effect. 
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Clianftcs in the iodine content nnd weittlit of lite 
Ihjroid eland produced liy thiouracil. A. BtsKi:i.i. 
B>y invitation) and li. B. Asr\V()(»i). l)ci>ls. of 
Pharmatolopll and Mclicinr, llart'nrd Mfdirn} 
Ifehanl, Boston, .Boss. Tliioiiracil adniiiiistered to 
ratsasaO.l percent solution in tlie (Iriiikine water 
caused a rapi<i loss of iodine from the tliyroid elniiil 
lieKitininp witlnn '-!} lionts ami continuing reen- 
iarly for 5 days n lien it n’aelnal a sialiile concen- 
tration one-tldrtiefli that of normai. In .'t days tlie 
weipht had inen'aseti W per emit ami in 10 daj's 
.'iOO per cent; thereafter etdarfienii'iit was slow. 
Omission of the drop ttfler S days eau.sed a sipnifi- 
cjint reaceumnlation of iodine in llie first 21 hours, 
and witiiin T days llie weipht ami iodine eoneeiitra- 
lion were near normal, lodnle .adiied to the diet 
liad no effect on tlie loss or reaecunuilation of 
iniline. Do.sapc-response eurve.s were constructed 
Ity tile atiministration of thiouracil in eonecntni- 
fionsof from 0.0001 percent toll I |ier cent in the 
drinkittp water for 10 day.s .\ concentration of 
0,0003 per cent produced a <Ii.stiiict decrease in 
iodine while 0.003 per cent to 0.01 per cent wa.s 
required to induce ti sipuifietini thyroid eniarRC- 
nienl. Tlte resiiltiiiK etirve.s liave heen used to de- 
tennine tlic relative anti-tliyroid activity of new 
compounds. In nniinal.s pretreateil witli thiourjieil 
hypophysectomy or th.vro.vin teeainient redticetl 
fltyroid sire and induced tlio iv.iceutuulaitoii of 
colloid without alterinp the low ioditie concentra- 
tion. Thyrotropin inicetiotis in nonnai aiiiniais in- 
duced a more rapid cularpoment of the thyroid but 
the iodine loss wa.s :tt it slower rale than with 
thiouracil. Sulfadiazine was qualitatively siniifar 
to thiour.acil. The.«e findings indicate tli.at ihio- 
uracil inhibits the production of thyroid hormone 
and prevents the acennuilalion of iodine in the 
gland. 

The effect of adrenal cortical c.xlract on blood 
non-protein nitrogen in shock produced by venous 
occlusion. J. E. Boritun; (hy invitation), S. 
Jo.sEPH (bv invitation), P. Kozi.ow (by invita- 
tion), Je.vn' Housto.v (l>y invitation) and H. O. 
H.vtekius. Dept, of Phijsiology, Wayne Univ.. De- 
troit, Mich. Observations were made upon the 
elTcet of adrenal cortical c.vlracts on the blood 
Kl’X of dogs following occlusion of the venous 
drainage of one leg (Bourque, Haterius and 
Cil.assco 1943). ACE was given in doses of 1.5 cc./ 
kgm. intramuscularl.v at 20 and at 2 hours pre- 
oporafively and similarly at 1 and at 5 to S hours 
following occlusion. 

At the outset, blood pressure fell and NPX ro.se 
in the ACE-treated animals with slopes similar to 
those seen in untreated controls. Beginning at the 
“Ith or 5th hour postoperatively, however, ACE re- 
tarded the fall in arterial blood pressure and the 
rise in NPX whicli characteristically follow the 
occlusion procedure. Thus, except for a time lag. 


the rehitioii tielwceu blood pre.w.siire timl bhnnl 
Xl’X was (weutiall.v the stuue in liolh untreated 
ami treated animals; The data tend to eoiiform to 
the variable re.sults reptirted on tlte ellieaey of 

'E ill .shock of non -.'111 renal origin, he. it was onl.v 
in the oeeiisioiial tininuil that blood pres.Kiire and 
Xl’X dilferetl materitilly fiom the vahie.s found in 
untreated controls. Thi'tivi'rage.s of tlie two grou))K 
dill not dilTer siguineiintly, tdthoiigli there wa.s a 
signilietint ilifferenre in survival time. 

Kidney fitnciiou wtis affected ahiio.st eqiiiiiiy in 
both sets of atiinuils, tlie onset of oliguria .signaling 
the ri.se in blood Xl’.X. [.Mi/nt hy a grant from 
/‘nrl.r, Darin it Company.] 

Demerol nitd cholinesterase. Ci.vni; O. Bni-vii- 
i.i;v (inlrnduceil by (!. .‘4. hiadie)- Dept, of Phyni- 
oloyy and 1‘hnrmaeology. Duke Sriiool of 

tledirine, Durham, .V. C. Since both morphine and 
atropine inhibit the h.vrlrol.vsis of aretylclioliiie hy 
eholinesteraKe, it seemed jiroliablo tliat demerol, 
which eomhioes important plmrmaeolngical prop- 
erties of each, woiilil also alTerl the reaction. Tlii.s 
has liecu found to he llie ease. Tlie enzyme snlul ion 
was prepared hy the mcliiotl of .Mendel and Bud- 
ney (Bioehem. .1. .37; ,3!), 194.3); details of c.vpori- 
iiieiiis ami ealeulations were given by Eadio 
(.J.B.C, I4G:S;i, 1042) oxeept that 0.001 X instead 
of 0.01 .V .XaOll was li.sed, ami vchicitic.s were 
reckoned in terms of this. .4 typical c.xpcriment 
showed the initial velocity of hydrolysis of0.000C4 
M acpi.vichoiine to he I..5S in ahgonce of demerol: 
0.G.3 in a .solution enntnining 20 mgtu, per cent, 
0.44 mg. per cent and 0.31 in SO mgm. per cctit of 
ilomerol li.edroehlnridc. While inliibifiou is prob- 
ably' eompciitive, datti so far tivailahle are insuffi- 
cient to decide llii.s. 

B’ntcr losses of men on life rafts. .Vi.i.ax II. 
Bnow.v and Ronnur E. Go.ssem.v (introduced by 
E. K. .'\dolph). Dept, of Phyniology, School of 
.^^e<lirinr and Dcntintry, The Univ. of Rochester, 
liocheslcr, N. T.’ In wtirm scjis, survival of cast- 
aways is often limited hy bodily deh.vdration. 
Means of decreasing the loss of body water con- 
tribute to prolonged survival of men adrift. Use of 
shade and wetting of clotlics with sea wafer have 
been suggested as metbods of reducing ovajiora- 
tive loss of body water. 

Ratos of evaporative wtUer loss were measured 
in 159 man-experiments on soldiers in rubber rafts 
near Florida. Air and surface-water temperatures, 
relative humidity, wind velocity, and degree of 
cloudiness ivere recorded. Meteorological condi- 
tions were relatively uniform; nearly all experi- 
ments were on clear days witli sea breeze; the aver- 
age air temperature was S5°F. Men were intermit- 
tently exposed to simulated emergency' conditions 
and measurements were made at all times of day 
and night. 

Rates of evaporative loss varied with time of 
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daj'; they averaged 247 ± 7 gni./hr./nian by day 
and 32 ± 3 gm./hr./man at night. These rates were, 
not significantly reduced duilng prolonged expo- 
sure, while urinary water loss and rate of urinary 
solid excretion diminished in the first 30 hours of 
continuous dehydration without food. 

Evaporative water losses were reduced by about 
40percent when men were shaded with a tarpaulin. 
The practice of wetting the clothes diminished 
rates of evaporative loss in the sun by 74 per cent. 
Shaded men also benefited by wetting their gar- 
ments, since daytime losses were then 83 per cent 
below those of dry, unshaded individuals. Since 
shade and wetting together can reduce to one- 
sixth the daytime rates of evaporative water loss, 
they maj' more than double the time of survival. 
[Work (lone under contract, sponsored by CMR, 
between OSRD and The University of Roekesler. 
Field studies ivere made possible by various units 
of the U. S. Army.l 

Changes in flicker fusion frequency (F.F.F.) un- 
der experimental stress. Jo.sef Brozek (bj'^ invita- 
tion) and Angel Keys. Laby. of Physiological Hy- 
giene, Univ. of Minnesota, Minneapolis. Vali- 
dation of the F.F.F. as a test of “general 
fatigue’’ consists in relating the changes in fusion 
level to an imposed strain which can be expressed 
in such objective terms as degree of environmental 
temi)crature, amount of physical work and caloric 
debt. Under normal (standard) conditions the 
F.F.F. measurements wore found satisfactorily re- 
peatable and not significantlj' changed with prac- 
tice. When S young men were subjected 10 times to 
4 hours of hard work on the treadmill, interrupted 

V 3 rest pauses of 45-60 min., the F.F.F. at the 
end of the 4th hour of marching was higher than in 
the mornings, with the general average difference 
being -fl.S flickers per second. When 6 men were 
studied in experiments involving 3 d.ays of work on 
the treadmill (3.25 m.p.h., 7.5 per cent incline) at a 
temperature of 120°F., humidity about 25 per cent 
relative saturation, the average A.M. scores on 
successive days were 49.3, 49.3, and 47.6 while the 
P.iM. scores were 49.6, 4S.S, and 48.0. When twelve 
men were kept for 3 days on a daily caloric intake 
of about 1,100 calories while the output was about 
4,500 calories, the values obtained on successive 
mornings were 49.2, 4S.4, and 4S.2, and in the after- 
noons 4S.5 and 47.6. Four men subjected to a simi- 
lar work regime combined with total starvation 
had average scores of 56.2, 53.0 and 53.5 on succes- 
sive mornings, and 56.8 and 53.S in the afternoons. 
The F.F.F. decreases under prolonged stress but 
the changes are small and frecjuentlj’ not statisti- 
cally significant. 

Elfcct of anterior pituitary growth promoting ex- 
tracts on blood amino acid N and blood uric acid in 


the pigeon. A. Cant.vrow, K. E. Paschkis* and A. 
E. Rakopf (b}’’ invitation). Jefferson Medical Col- 
lege and Hospital, Philadelphia, Pa. Anterior 
pituitary growth preparations have been shown to 
cause a decrease in blood urea and amino acid in 
dogs, rats and guinea pigs. This is generallj^ at- 
tributed to an action of APE in stimulating anabo- 
lism or/and retarding catabolism of proteins. 
Blood amino N was determined in 19 pigeons and 
blood uric acid in 21 pigeons before and 6 hours 
after injection of APE (.Vntuitrin G). An increase 
in amino N occurred in 13 instances (average 
increase 2.8 mg. ± 0.8) and in uric acid in 15 
instances (average increase 6.5 mg. ± 2.4). Con- 
trols showed no significant variation during the 
c.xperimental period. 

Uric acid is, in part at least, an end product of 
protein catabolism in birds, analagous in this re- 
spect to urea in mammals. These findings raise the 
question as to whether APE may not enhance pro- 
tein catabolism in the pigeon rather than protein 
anabolism, as has been suggested in mammals. 
These data are of interest because of the fact that 
doubts regarding the specific action of anterior 
pituitary growth hormone have been based in part 
on observations made on birds. 

Survival time of rabbits after tourniquet occlu- 
sion of hind legs. Attilio Canzanelli, Ruth 
Guild (by invitation) and David Rapport. 
Physiology Dept., Tufts College Medical School, 
Boston. Tourniquets were applied, shutting off 
both arterial and venous flow, to the hind legs of 
rabbits under light urethane anesthesia, aug- 
mented when needed by small doses of intravenous 
nembutal. The survival times following release of 
the tourniquets were as follows: after 2 hour occlu- 
sion at room temperature, the survival time in 14 
experiments was 3.8 ± 0.6 hours; after 5 hour oc- 
clusion at room temperature in 19 experiments it 
was 1.7 ± 0.4 hours. When the legs were kept at 
37°C. during 5 hour occlusion the survival time in 
15 experiments was 1.2 dz 0.2 hours. When they 
were packed in ice during occlusion for the same 
time, it was 4.3 ± 0.7 hours in 14 experiments, 
while in 5 more, to which statistical methods 
seemed inapplicable, the survival time was greater 
than 24 hours. Preliminary observations indicate 
that the survival time is not affected by dehydra- 
tion or fasting. In view of the predictability of the 
survival times, tourniquet occlusion in the rabbit 
appears to offer a promising technique for the 
studj' of shock. 

The effect of temperature on the luminescent and 
non-Iumincscent reactions of luciferin. Aurin M. 
Chase and Philip B. Lore.nz (by invitation). 
Physiological Laby., Princeton Univ., Princeton, 
-V. J. The bioluminescent reaction of purified 

‘J. Ewing Mcars Fellow in .Medicine nnd Plij'aiology. 
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CiJi>riilina luciterin aiiil liicifcra.^o lins Ix’on fUkHihI 
III ntrii at, five tomperatures, fnmi S" to lUrC. An 
equatitm is devcli'i'i'il represent iiiK (lie lumines- 
cent reaction of luciterin niul luciferase ami the 
non-luminesconi oxiilation of luciferin as first 
outer reactions oceurriuc; simultaneously. 1'he 
equation has (he form: 

* « -4-T 11 - (I) 

A'l + '■'i 


T is total light emitted during the reaction up to 
any time I, and ii is the total light that would have 
been emitted had all of the luciferin initially pre.s- 
ent re.acted with lueiferasi' in the lumine.scent 
reaction and had none been ovidir.ed without 
luniiucsccncc, /:t and /;- are the velocity constant.s 
of the luminescent reaction and of the non-lumi 
ne.sccnt oxidation of luciferin, re.spcctively. 

The relationship. 



i.s al.so derived, for / = 00. wliere r ha.s the same 
meaning a-s in I, and 1 / repre.sent.s that fraetion of 
the luoiferin initially pre.seui which wa.s oxidized 
without luminescciiro during the course of the 
experiment. 

Thev.alucsof /.-j and I jean he calculated for any 
temperature by simultaneou.s u.se of equations I 
and n, and the experimental measurements arc well 
fitted by theoretical curves calculated using these 
x'.alues of hi and kt in equation 1. 

k- increases with temperature in fair agreement 
with the Arrhenius equation, while ki increases 
with temperature to about 25°C'. and then de- 
creases sharply with further increase of tempera- 
ture, thus exhibiting an optimum similar to that 
for limiincsconce in certain bacteria. 

A comparative study of clot firmness and clot re- 
traction contacting foreign surfaces. .Xi-snun 
Lewi.v Copley. Division of Ilcsenrch Snrgcnj, 
Dcpl. of SiiTgertj and Gijnecolog!/. Vniv.of Virginia 
School of medicine, Charloltesrille. Glass tubes of 
uniform length and internal diameter were em- 
ployed without lining or were lined with paraflin 
oil, p.araffin, or a synthetic pla.slie “Eusteroid.” 
After the lower end had been stoppered, an equal 
volume of blood was placed in each tube and al- 
lowed to clot. The tubes were stoppered, not agi- 
tated, and incubated for one hour at 37°C. Then 
both stoppers were removed, and the degree of clot 
retraction noted. In case the clot adhered to the 
foreign surface, it was loosened with a fine long 
steel probe; care was taken not to cut the clot. 
Clot firmness was tested in triplicate with vis- 
cometer tubes according to the Lalich-Copley 
method (Proc. Soe. Exp. Biol. Med. 51; 232, 1942). 
Blood was obtained from the jugular vein of 33 
dogs; the first 10 cc. of blood was discarded. 


Xo clot retraction occurred in Lustcroid lined 
tubes. In tubes lined with iiaraflin or paraffin oil, 
there was either no, partial, or strong .syncrosis. 
In glass tubes, dot retraction was ob.servcd, except 
when the blood elot.s were first incubated at. 0°C, 
for 3 hours, awl afterwards at 37“(h for one hotir. 
Then, frequently, no. or only .slight ayneresis oc- 
eurred, although marked syiicre.sis was observed 
in paraflin lined tulies. Xon-rotraeted lilood clots 
often showed even higher dot firmne.ss than rc- 
traeled elots. Tlie general contention that there 
is a rdalioiiship lictwoe.u the firmtics.s and retrac- 
tion of a blood dot cotdd not. be corroborated. 
Tliese rheological phenomena apparently do not 
inlluenee endi other. 

Platdct counts in blood from splenic vessels and 
spleen substance with note on heparin effect. .Il- 
Eiti:i) Eewix' f’oei.EV. Division of Rrseiirch Snr- 
grnj. Dept, of Surgery and Gynecology, Vniv. of 
Virginia School of Medicine. Charloltcsvitlc. Blood 
sample.s wen; drawn williin 20 minutes from the 
splenic artery and vein in S dogs under aucstUesin, 
and in- spleen punetnre in 7 tlogs. Blood was mixed 
immedialdy with Aymuid solution, and with 1 and 
to eolorimetric units ((’oplcy -Whitney, J. Lab. 
Clin. Med. 29: .Ian., 1944) of sodium heparin (.Ab- 
bott ) in saline. Tlic action time of heparin was 15 
minutes. The roplcy-llold) method with 0.5 per 
cent .solution of lirilliant eresyl blue (Xational 
.Aniline XV-27) was tised and the platelets counted 
in ail 25 squares of the Xetiliaucr diambor were 
multiplied by 1,000. 

The licparin effect of platelet count decrease 
(Coplcy-llobb, Am. J. Clin. Putli., 12:416, 1942) in 
tile splenic vessels was; 1 unit, 9-GO per cent; 10 
units, 24-64 per cent . Witli 1 unit , 3 spleen samples 
.sliowed no decrease, Imt 4 spleens 31-51 per cent. 
Witli 10 units, tlic decrease was 9-61 per cent. 

Counts in 6 arteries were 10-31 per cent lower, 
and in 2 .arteries 12 and IS per cent higher than in 
the veins. Sjilenic artery and spleen' showed in 2 
cases the same count; in 1 case, 30 per cent higher 
in tlie spleen; in 4 cases, 30-50 per cent lower in the 
spleen. Comparative counts between splenic vein 
:ind spleen sliowed small increase of 11 per cent in 
2 spleens; liowever, the count was in 5 cases 28-55 
per cent decreased in the spleen. Results suggest 
that platelets are destroyed, and may bo stored or 
formed in the spleen. 

The effects of insulin hypoglycemia on the glyco- 
gen content of the various parts of the central nerv- 
ous system of the dog. An'xette Chesler (by 
invitation) and H.vrolu E. Hinvncu. Dept, of 
Physiology and Pharmacology, Albany Medical Col- 
lege, Union Univ., Albany, N. F. The glyco- 
gen contents of the various parts of the central nerv- 
ous system have already been determined in dogs 
and cats with normal levels of blood sugar. It 
was found that each portion of the central nervous 
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system contained a characteristic concentration of 
glycogen, and, in general, in the adult this con- 
centration followed a definite order, being most 
scarce in the cord and growing ever larger in the 
succeeding rostral layers from the cord. In the 
present experiments the glj^cogcn contents of alt 
parts of the central nervous system were examined 
in an effort to correlate the changes in the various 
parts with the duration of intense hypoglycemia. 

The observed decreases in glj'’Cogen concentra- 
tions did not take place in a haphazard fashion, 
but in a definite order, which with the one excep- 
tion of the cerebral cortex, extends from a rostral 
to a caudal direction. [Aided by a grant from the 
Scottish Rite Fxind.] 

Activity in the great superficial petrosal nerve 
influencing the electroencephalogram. Chestkh W. 
D.^krow, John B. Green (by invitation) and 
Warren S. McCulloch. Inst, for Juvenile Re- 
search and Depis. of Neurology, Neurological Sur- 
gery and Psychiatry, Univ. of Illinois College of 
Medicine, Chicago. Since the least complicated 
portion of the parasympathetic path to the cere- 
bral blood vessels is the great superficial petrosal 
nerve, it was exposed subtcmporally and its ac- 
tivity recorded synchronously with the EEG of 
both hemispheres, the EKG and the alterations in 
blood pressure. 

Following section of this nerve peripherally to 
the electrodes high potential hypocapnic slow 
waves in the EEG were enhanced, but the opera- 
tion caused no significant change in the activity 
recorded from the proximal stump. 

The waves recorded from it fall into two ranges 
of frequencies. The lower frequencies, 8-15 per 
cond, decreased in amplitude with increase of 
■flood pressure and slowing of pulse, and bursts of 
this frequency often anticipated or accompanied 
slow waves in the EEG. Technical difficulties make 
it imi)o.ssib!o to state whether these presumably 
sympathetic impulses were of local or extraneous 
origin. 

The higher frequencies recorded from the nerve, 
24 or more per second, increased in amplitude with 
each pulse, and in amplitude and frequency during 
sustained rise of blood pressure — thus resembling 
those recorded by Bronk and Stella from the ca- 
rotid sinus. These changes often anticipated or 
accompanied increased frequency and regularity 
of the EEG. 

These autonomic impulses may exert an influ- 
ence on the activity of brain. 

Cholinergic influence on high potential slow 
waves of the electroencephalogram. Chester W. 
Daruow, John R. Green (by invitation), En- 
WARi) W. Davis (by invitation) and Hugh W. 
Carol (by invitation). Inst, for Juvenile Research 
and Depts. of N’curolngy, Neurological Surgery and 
Psychiatry, Univ. of Illinois College of Medicine, 


Chicago. That alkalinity increases the destruction 
of acetylcholine may explain why it is only during 
hypocapnia that there is concurrence of cardiac 
acceleration and slow waves in the EEG, and why 
only under hypocapnia the effects of section of the 
parasympathetic path in the facial nerve become 
apparent in the EEG. If this is the case protection 
of acetylcholine by physostigmine should prevent 
slow waves during hj'pocapnia, and atropine 
should produce them with little or no hypocapnia. 

This was tried before and after section of the 
facial nerve in cats under B-erythroiden with arti- 
ficial respiration. The results confirmed the 
hypothesis. 

Effect of soybean lecithin upon the red blood cell 
count of normal dogs. John Emerson Davis. Dept, 
of Physiology and Pharmacology, Univ. of Ar- 
kansas, Little Rock. We have previously reported 
that liver, choline, certain vasodilator drugs, and 
soybean lecithin arc capable of depressing experi- 
mental polycythemia in dogs or rabbits. Most of 
these substances have been shown to have no effect 
upon the normal erythrocyte numbers when fed to 
normal animals daily for a period of one w'eek in 
the doses which are effective in depressing poly- 
cythemia. 

In order to see whether a more prolonged period 
of feeding would affect the red blood cell counts, 
we have administered five grams of soybean leci- 
thin daily to four normal dogs for two to three 
weeks. This procedure caused no changes in eiwth- 
rocyte counts or hemoglobin percentages during 
the first week, but within two tveeks significant 
reductions in red cell count were apparent in all 
dogs. The average reduction in erythrocyte num- 
ber was 16 per cent (range 12 to 19 per cent). Mean 
arterial blood pressure determinations are being 
made but results are as 3 mt inconclusive. These 
experiments are still in progress. 

Stimulation of the red bone marrow by fat inges- 
tion in anemic dogs. Charles Dui*ee (bj'- invita- 
tion), Victor Johnson, Ai.bino Mahchello (by 
invitation) Warren Wilner (by invitation) and 
L. Willard Freeman (liy invitation). Dept, of 
Physiology, Univ. of Chicago. Previous reports 
from this laboratorj' indicate that in dogs, a high 
fat diet increases the rate of normal daily' erythro- 
cyte destruction, but that such a diet does not 
produce anemia, presumably because the red bone 
marrow can compensate for these extra losses. 

To determine whether the hj'peractive bone 
marrow in anemia can also cope'with these losses, 
four dogs were fed a high fat diet and four a low 
fat diet of the same caloric value per kilogram 
body weight. All animals were kept .anemic for 4 
to 6 months by repeate’d Iflecdings, which were of 
equal magnitude for each jiair of anim.als consist- 
ing of a control and an experimental dog. 

In the fat fed dogs there were only some sugges- 
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(ions tin', ntu'inin was nitiro severe, niitl rc- 
eovery from the .‘iiiemiii delayed. However, au- 
top-iy esamiiiations of tlte fennirs revealed u more 
active and more extensive red Imno marrow in the 
fat fed animals, indicating that, a hiRh fat diet 
taxes the hematopoietic activity of the bone mar- 
row more than does a low fat diet, in the recovery 
from hemonhaKie anemia. 

Several phy.siolojticn! functions during rest and 
o.vcrcise in normal .siibjecl.s, patients with pul- 
monary silicosis, and patients with pulmonary 
siderosis. XonnnuT Ksv.kii (by invitation) 
and Kun'st Simonson. Urscarch Lnhij., Mount 
Sinai nospiUit, Miinaiikce. In a group of normal 
subjects (varying from S to 100 for dilTerent 
functions), 15 patients witli siderosis (dcpo.sition 
of iron in the lungs without fd>ro.sis, but with x-ray 
picture.s similar to those in silicosis) and S patients 
with silicosis, the following functions were investi- 
gated: endurance in dynamic work (lifting loads) 
and static work; muscie strength in backmusclcs, 
arm c.xtcnsors and handgrip; pulse rate during and 
after dynamic and statis exercise ; fusion frequency 
of flicker during rest and after exorcise; maximum 
tapping rate; vital capacity; minute pulmonary 
ventilation at rest in sit ting and standing position, 
during and after dynamic and static exercise; 
maximum voluntary indmonary ventilation; rela- 
tive pulmonary reserve (maximum ventilation 
minus highest minute volume during exercise) ; co- 
cflicient maximum pulmonary veiitilatioti; vital 
capacity; coeflicient excess voiitilation: m-kilo 
dynamic exercise; coeflicient excess ventilation 
per second static exercise. Xo statistically signifi- 
cant difference between tlio normal group and the 
siderosis group was found in any function while 
the silicosis group sliowed significant depression 
of vital capacity, maximum pulmonary ventila- 
tion, relative pulmonary reserve, endurance in 
dynamic and static work. \ far greater percentage 
of patients with silicosis than of patients with 
siderosis showed an individually significant de- 
pression of functions compared to tiie normal 
limits. 

The effect of electric shock therapy on gastric 
contraction and gastric secretion. DonoxHV 
Fetter (introduced by Helen Coombs). N^cw York 
Slate Psychiatric Inst., Kew York. During electric 
shock therapy, fifteen psychotic patients were 
studied to find what effect electric stimulation 
might have upon the stomach movements. While 
the patient underwent a grand mal seizure as a 
result of having an electric current passed through 
the head, changes in intragastric pressure were 
recorded by the balloon method. A rise in intra- 
pstric pressure lasting thirty to forty seconds 
immediately followed the application of shock. 
In most cases a second rise of pressure foUow'ed 
tile first and lasted seven to forty-eight seconds. 


During the seizure, a imoumogrnph recorded the 
coniniclion of the abdoininiil iniisclcH. !!ccaiisc the 
twitchings of tlic.sc mitsclcs and tlic recorded rise 
of intragastric prc.s8iirc were not syiiclironoiis, it 
was assumed that tlic increase was due to contrac- 
tion of the stomncli wall. Tliis might Imve licon due 
to vagus stimulation. 

In fourteen p.sychotic patients witli low fasting 
gastric juice acidity, nine sliowod an increase in 
secretion of acid gastric juice foiiowing the induc- 
tion of a grand mal nltnck liy electric shock 
flierapy. Tlic average increase for free acid was 
from 0 to 25, and tlic total acid increase was from 
five to forty. The figures rcprc.scnt culiic centime- 
ters of 1/10 normal NaOII neecs.sary to neutralize 
100 cc. gastric juice. In five .such patients no sig- 
nificant change occurred. The increase in scerctioii 
and acidity wiiicli followed application of electric 
eliock in tlie majority of tiic patients implies ac- 
tivity of the vagus nerve as a result of tlie tlicrapy. 

The effects of nicotine on urinary secretion. 
Ernst Fi.sciiim. Dept, of Physiology, Medical Col- 
lege of Virginia, Itichmond. In dogs, in dial or 
ctlicr narcosis, blood prc.ssnrc and secretion rate 
of the urine and its electric conductivity were 
recorded continuously. The blood pressure effect 
of nicotine can lie triidiasic. The middle pha.se, 
the main effect, is the increase in pressure, which 
is not affected liy the choice of the anesthetic. The 
first pimse, an initial drop, is suppressed by otiior. 
The third phase, a secondary drop not affected by 
the .anesthetics, occurs only after large doses. The 
renal effect is not distinctly influenced by anes- 
thetics but is dependent on the functional state 
of the kidneys. The effect is practically nil for 
poorly secreting kidnej's. If tlie kidneys arc form- 
ing urine at a moderate rate, this rate will be in- 
creased by nicotine after the blood pressure has 
returned to normal level. Tliis increased secretion 
which after large doses lasts for more than half 
an hour, is not accompanied by distinct changes 
in electrolyte concentration. During water or caf- 
feine diuresis, the nicotine effect is expressed much 
more by an increased electrolyte content than by 
an increase in volume. During Nad or Na;S 04 
diuresis, the nicotine effect is more or less sup- 
pressed, probably because the kidnej's are already 
performing maximal work. 

The straight part of the curve showing the rela- 
tion between magnitude of effect and log of the 
nicotine doses has a much steeper slope for the 
blood pressure increasing effect than for the diu- 
retic effect. This might suggest that the latter is 
completely independent of the former. However, 
if in analogy to LDa, that dose is calculated which 
will produce 50% of the maximal possible effect, it 
becomes evident that this dose is about the same 
for both effects. 

The birefringence of striated and smooth mam- . 
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malian muscles. Ernst Fischer. Dept, of Physi- 
ology, Medical College of Virginia, Richmond. The 
birefringence of isolated living fibers of mam- 
malian skeletal muscles (dog, rabbit, cat, mouse) 
is somewhat greater than the values reported for 
frog muscles. In twenty experiments, in which the 
birefringence of the whole rectus abdominis of 
small mice was determined at maximal natural 
length and for 10 and 20% stretch, the mean values 
were (expressed in 10“^ mm. phase difference per 
mm. thickness) 2.62 ± .02, 2.68 ± .02, and 2.72 ± 
.03 respectively. In contrast to the marked effect 
of stretch upon the birefringence of smooth avcrtc- 
brate muscle, this increase is rather small for 
skeletal muscle as was demonstrated also on iso- 
lated fibers fixed in formalin at various lengths. 
Analysis of the birefringence of the fixed fibers of 
various muscles with the method of Noll and 
Weber revealed that, as in striated frog muscle, 
the refractive index of the extracellular phase is 
1.55 and that 70% of the total birefringence is due 
to form birefringence and 30% due to crystalline 
birefringence. No difference in bii-efringence exists 
between striated fibers of the oesophagus and true 
skeletal muscles. 

Corresponding analysis for mammalian smooth 
muscles (retractor penis, intestinal muscular 
coats) demonstrated that birefringence increases 
continuously and at a high rate with stretch. The 
ratio between form and crystalline birefringence is 
smaller than for striated muscles, but not so low 
as for smooth avertebrato muscles. The refractive 
index of the extra-micellar phase of 1.53 is just 
between 1.51 as found for smooth avertebrato mus- 
_i and 1.55 as found for vertebrate striated 
^■scle. 

^rhe protection against serine injury by dietary 
factors, especially pyridoxine. William H. Fish- 
man and Camillo Artom (introduced by Arthur 
Grollman). Dept, of Biochemistry, Bow/nan Gray 
School of Medicine, Winston-Salem, N. C. It has 
been previously shown by us (J. Biol. Chem. 145: 
345, 1942) that a high mortality, accompanied by 
demonstrable pathological lesions occurs following 
serine administration bj' stomach tube in rats 
maintained on an experimental and not in those 
on the stock diet. In the present experiments, a 
similar synthetic diet has been employed, except 
that B-vitamins were omitted. 

Wiien serine was given parcnterally, effects simi- 
lar to those obtained bj' stomach tubing were ob- 
served. On the other hand, the same amount of 
serine mixed in the diet was harmless. It is sug- 
gested that the ratio between the rates of absorp- 
tion and elimination of the aminoacid is an essen- 
tial factor in the production of the injury. 

A high degree of protection against the injurious 
action of serine comparable to that in rats on the 
stock diet is obtained by the addition to the diet 


of choline, cystine and glycine, together with the 
injection of a mixture of most of the known B-vita- 
mins. When these substances were tested individu- 
ally, only pyridoxine exerted a significant protec- 
tive action. Therefore, it is tentatively syggosted 
that pyridoxine may be involved in some phases of 
the metabolism of serine. [Aided hy a grant from 
the John and Mary R. Marklc Foundation.] 
Studies on the hypercholesterolemia of immature 
fowl induced by estrogens. W.alter Fleischmanx 
and Ilse A. Fried (by invitation). Dept, of Pedi- 
atrics, John Hopkins Univ. School of Medicine. 
Total body cholesterol and serum cholesterol were 
determined in immature chickens of both sexes 
treated with estradiolbenzoate and in untreated 
controls. The average serum cholesterol of the 
treated birds was 267 ± 48 mg. %; that of the 
untreated controls 114 ± 21 mgm. per cent. 
The- average cholesterol content of the exsangui- 
nated bodies was 0.19 ± 0.01 per cent of body- 
weight for both groups. These data indicate that 
estradiol influences the shift of cholesterol from 
the tissues to the blood plasma. It has been shown 
previously in rodents that thyroxine influences 
the shift of cholesterol from the blood plasma to 
the tissues. (Fleischmann and Shumacker, Bull. 
.Johns Hopkins Hosp. 71 : 175, 1942). It was there- 
fore assumed that thyroxine and estradiol influ- 
ence the distribution between blood plasma and 
the tissues in opposite directions.' In accordance 
with this theory it was found that the hypercholes- 
terolemia produced in birds by injection of 1 mg. 
estradioldipropionate daily could be inhibited 
completely by simultaneous administration of 1 
mg. of thyroxine daily. The levels of calcium in 
the serum follow the trend of serum cholesterol 
closely. As an example, the data of one representa- 
tive experiment on three immature roosters are 
given: Untreated control: serum cholesterol 112 
mgm. per cent Ca 10.7 mgm. per cent. Bird treated 
with 1 mgm. of estradioldipropionate intramuscu- 
larly daily through five days: serum cholesterol 
251 mgm. per cent, Ca 41.3 mgm. per cent: Bird 
treated with 1 mg. thyro.xine subcutaneously daily 
in addition to the same dose of estradioldipro- 
pionate: serum cholesterol 112 mgm. per cent, Ca. 
11.5 mgm. per cent. [Aided hy a grant from the 
Commomoealth Fund. The horjnones were kindly 
supplied by Roche-Organon Inc., Nutley, N. ./.] 
Radioactive phosphorus uptake in the liver, kid- 
ney and intestine of the mouse. R. Phyllis Fox (by 
invitation) and Charles D. Kochakian. Dept, of 
Vital Economics, Univ. of Rochester, Rochester, 
A'. Y. A study was made of the effect of castration 
and testosterone propionate administration on the 
soft tissues of mice of the dba strain. 

At the age of one month, animals were divided 
into four groups as follows: (a) normal (1)) castrate 
(c) normal implanted with pellet of testosterone 
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propimuito (d) caPtrnto impliinlod with pollot of 
tcstostoroiK' propionatP. 

After T), 7, ntid i1 inonllis, lUiimalH from each 
group were .‘-arrifired for tlic dotcrmiiiations. 

IVcniy-foiir liniirs hoforo aacrifico, radioactive 
phospliorus was injected intraiioritoiically as di- 
sodiimi phospiiate. 

As shown by i’** determinations, tlic nplako of 
POj hy tlic liver was unafi'eetod hy castration or 
hormone administration. The kidney was similarly 
unaffected. In the ease of the inte.stine, however, a 
m.arked deiirc.s.sion of the uptake oeeurred at 7 
months in rnatratoil animal.s as compared with 
normal iniee. This effort depended on the time of 
ctistration of the animals. 

The effect of castration and testosterone pro- 
pionate administration on the phosphorus metabo- 
lism of the pelves and femurs of the mouse ns deter- 
mined by radioactive phosphorus studies. R. Piivi.- 
I.IS Tox (by invitation) and CitAnims D. Ko- 
cir.vK!A>,'. Dept, of Vital Dcnnomir.x, I'niv. of Roch- 
ester, Rochester, A'. Mice of the Murray -Little 
dba strain were divided into fuiir groups ns fol- 
lows: (a) normal (b) castrate (ci normal implanted 
with pellet of testosterone propionate (d) ca.slrate 
implanted with pollot of testosterone propionate. 
C.istratioii and implantation was done at one 
month of ago. .Animals from each group were killed 
hy decapitation after 3, 7, 9 mouths. Twontj’-four 
hours before autopsy radioactive phos|)horus was 
injected intrapcritoneally ns the disodium phos- 
phate. -After fat c.vtraction and glycol ashing, the 
uptake of P” by the femurs and pelve.s w:is meas- 
ured in the usual manner. 

The femurs and pelves of the c.astratod mice con- 
tained more r.idio.ictivc phosphorus than those of 
the normals, whereas the femurs of the treated 
mice showed values similar to those of the normals. 
These effects were found at 5, 7 and 9 months. 

The femurs and pelves of the castrated mice 
were longer than those of the normals, while the 
latter, in turn, were longer than those of the 
treated animals. 

There was no difference in either ash content or 
calcium and phosphorus content as a result of 
castration or hormone administration. 

The utilization of sodium iron pyrophosphate by 
anemic rats. S.mith Frek.uan' and AI. W. Burbu.!. 
(by invitation). Dept, of Physiology, Nortkv>esteTn 
Univ. Medical School, Chicago, III. A difference of 
opinion e.vists regarding the utilization of sodium 
iron pyrophosphate by anemic rats. The question 
is of considerable importance inasmuch as this 
compound is used for enriching white flour. To 
study this question rats were made anemic accord- 
ing to the technique of Elvehjem and Kammerer. 
The depleted rats were divided into two groups of 
10 each, comparable as to se.v, litter, weight and 
hemoglobin. Both groups received 0.25 mg. of iron 


daily, one as ferric ciilorido and the oilier as so- 
dium iron pyroplio.spliatc; also siipiiloments of 
copper and mnnganc.se. 

The initial hemoglobin values per 100 cc. were 
.fl.07 gm. and 3.01 gm. for the ferric chloride and 
pyropho.sphalc groups re.spcclivoly. After 23 days 
on the iron supplcmcnt.s the nverngo hemoglobin 
viducs were 13.72 gm, for ferric chloride and 7,80 
gm. for pyrophosphate. The liemoglobin increase 
for tlic pyropho.sphatc was therefore >11.0 per cent 
that of the ferric chloride group. 

The average total iron content of the carcn.ss was 
S.S3 mg. for ferric chloride and 3.25 mg. for pyro- 
pho.sphalc. The average iron content of a depleted 
ralisappro.vinwtelyl mg. Correcting the final iron 
content for this amount, the percentage of in- 
gested iron rclained was GO per cent for ferric 
chloride and 32 per cent for sodium iron pyro- 
phosphate. 

Under the eomlitions of this e.vpcrimcnt the 
utilization of sodium iron pyropiiospliatc was a 
little less than half that of the ferric chloride iron. 
|7Viis slmli; was a.'isistcd by a grant from the Victor 
Chemical U'orhs.] 

.Sea.sonnl changes in water content and o-vygen 
consumption in brain of the black bass. Fiikd- 
EiticK .A. Fuiiuma.v (by invitation) and .loiiN 
Fiei.i>2d. Dept, of Physiology, Stanford Univ. The 
inihienco of tompcr.ituro on the metabolism of the 
e.vciscd brain of tlie black bass {Hwo salmoidcs) 
was described iiroviously (Physiol. Zool., in press). 
These measurements were made on summer fish 
(habitat temper.aturo 22'’-24°C). To ascertain 
whether the effect of temperature on the oxygen 
uptake of this tissue would vary with season, a 
similar study lias non' been m.ade on the brain of 
the s.ame species taken during the winter (habitat 
temperature 12° to 16°C). 

On a wet weight basis the Qoj of the brains of 
the winter fish (similar body sizes) averaged about 
20 per cent higher than the Qoj of the brains of 
summer fish over the range 10° to 30°C. The mean 
water content of the brain of the summer fish was 
82.23 per cent, that of the winter fish was 79.59 per 
cent (10 determinations on each). The difference 
between these means is sgnificant (P = 0.001). If 
the Qoj is calculated on a dry weight basis there is 
no significant difference in Qo,, at corresponding 
temperatures, between the brains of winter and 
summer animals of this species. [Supported in part 
by a grant from the Markle Foundation.] 

Influence of temperature on the respiration of ex- 
cised rat ventricle tissue. Geeamiinb J. Fuhb- 
JIAN (by invitation) and John Fjeld 2d. Dept, of 
Physiology, Stanford Univ. Few values of the oxy- 
gen consumption of isolated cardiac tissue appear 
in the literature and these few indicate consider- 
able variability even between samples taken from 



12 


FEDERATION PROCEEDINGS 


one animal. The Qoj is rather low, ranging from 
0.6 to 7.4 (dry weight basis). 

In our experiments ventricular tissue (rat) was 
sliced to a thickness of about 0.2 mm. using a Incite 
template and razor. Oxygen consumption was 
measured by the direct method of Warburg. The 
liquid and gas phases were Ringer’s-glucose- 
phosphate and oxygen respectively. The results of 
measurements made at graded temperatures are 
given in the following table. 

Temperature (°C.) 10° 15° 20° 25° 30° 35° 37.5° 40° 
No. of animals 333375 17 3 

Mean Q 02 (dry) 0.9 2.0 3.2 5.2 G.8 8.4 10.4 8.35 

At 37.5°C the mean Qoj of samples from 17 ani- 
mals was 10.4. The standard error of the mean was 
0.13. The graph obtained when mean Qo. was plot- 
ted as a function of temperature in general resem- 
bled similar curves for other tissues. However, 
under the conditions of these experiments Qo. was 
not a linear function of temperature (centigrade) 
and log Qos was not a linear function of either 
centigrade temperature or of the reciprocal of the 
absolute temperature over any considerable range. 
In these respects the Qo - temperature curve resem- 
bles the frog heart rate-temperature described by 
A. J. Clark (1920). [Supported in part by grants 
from the Markle Foundation and from the Fluid 
Research Fuiid, Sta7iford Medical School.] 

The effect of thyroxin on water diuresis and water 
intoxication in the rat. Robert Gaunt. Dept, of 
Biology, Washington Square College of Arts and 
Science, Ncic York Univ., New York, N. Y. Hy- 
perthyroidism was iiroduced in rats by the 
administration of 0.2 mg. thyroxin daily for about 
l^ree weeks. These animals showed a daily water 
)^take and urine output approximately 100% 
above normal. 

They also showed after fasting an increased di- 
uretic response to water given either in small or 
large doses by stomach tube. A striking protection 
against the lethal effects of water intoxication 
resulted. 

Water intoxication was produced in normal rats 
bj' the administration of 13 doses of water at half- 
hour intervals. The dose was 3 cc per 100 sq. cm. of 
body surface (this approximates 5% of the body 
weight). Severe intoxication sj'mptoms always re- 
sulted and death occurred in about 60% of the 
cases. 

Hyperthyroid rats, given the same amounts of 
water, were markedly resistant to all of the symp- 
toms of water intoxication (see above abstract) 
and the occasional deaths were apparently due to 
other causes (cardiac failure?). Host notable, per- 
haps. was the ability of hyperthyroid animals to 
excrete tremendous volumes of water of low chlo- 
ride content, thus maintaining their plasma levels 
of this ion. 


The protective action of thyroxin was largely 
abolished by adrenalectomy. The intense adrenal 
cortical stimulation induced by thyroxin, how- 
ever, probably does not account for all of the ef- 
fects on water metabolism. [Aided by a grant from 
Ihc Josiah Macy, Jr., Foundation.] 

Water diuresis and water intoxication in relation 
to the adrenal cortex. Robert Gaunt. FJept. of 
Biology, Washington Square College of Arts and 
Science, New York Univ., Neiu York, N. Y. After 
adrenalectom}'^ diminution in water diuresis occurs 
with a susceptibility to water intoxication. This 
appears within 18 hours and becomes more severe 
later even in animals maintained on cortical hor- 
mones or salt. One daj’^ after adrenalectomy rats 
respond readily to replacement therapy; later the 
response is erratic. 

The diuretic response to intraperitoneal saline 
solutions is also subnormal after adrenalectomy. 

Two separable factors cause the lack of water 
diuresis in adrenalectomizcd rats: 1, a delayed in- 
testinal absorption and emptying of the stomach; 
and, 2, an inability to excrete water that is ab- 
sorbed. 

Normal rats can be protected from lethal water 
intoxication by cortical hormones. 

.Adrenalectomizcd .rats sliow a sharp rise in 
hematocrit, some elevation of hemoglobin, and a 
severe fall in plasma chloride and protein after 
even small doses of water. The urine chloride loss 
is small and the jdasma drop is due partlj’’ to a 
shift to the gut. 

The terminal hematocrit rise in both normal and 
adrenalectomized rats is such as to suggest eryth- 
I’ocyte swelling. The fall of plasma chloride is less 
in normal than in adrenalectomized animals, al- 
though the urinary loss is greater. The blood 
sugar rise in normal rats is due to adrenalTncdul- 
lary activits^ 

Blood pressure is well maintained in both normal 
and adrenalectomized rats. 

Body temperature falls sharply giving an excel- 
lent measure of the extent of water intoxication in 
both normal and adrenalectomized rats. [Aided by 
a grant from the Josiah Macy, Jr., Foundation.] 

The effect of hypertensin in renal hypertensive 
dogs. M. L. Goldberg (by invitation) and G. E. 
Wakerlin. Dept, of Physiology, Univ. of Illinois 
College of Medicine. Previous reports from our 
laboratory-have dealt with the antipressor effect 
of daily intramuscular injections of hog kidney 
extracts containing renin in renal hypertensive 
dogs. Since the antirciiin produced by these injec- 
tions docs not aj)pear to constitute the mechanism 
of the antihypertensive effect, we investigated the 
possibility' that an “antihypertensin” might be 
involved. Since hypertensin is probably a poly- 
peptide, its ability to produce an “anlihyper- 
tensin” was questioned but vasopressin which is a 
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liolypi'ptuli' lisis liocii shown to j'ivc rise to iin 
“ituliviisopressin" (Am. .1. Physiol., 133: P. 311, 
1011 ). 

.VrcordinRly hyperteiisiiis were iiijcetcd intr.n- 
muscuhirly into eiplit rennl hyperten.sivc tlops, in 
a dose of two units per Kp;. daily for five months 
(one unit piviiip a 25-30 mm. ri.se in hlood pre.ssuro 
in a 10 Kp. dop). Eaeh i)air of animals received a 
difTercnt liypertensin (prepared accordinp to the 
method of Iloussay ami his proup) i.e,, two <lops 
iveeived liypertensin prejiared liy ineuhatinp hop 
renin with hog serum hypertensinopen, two dogs 
received liypertensin prepared hy ineuhatinp dog 
renin with dog serum hypertensinopen, and the 
remaining two pairs were given hypertensins pre- 
pared hy ineuhatinp dog renin with Imp serum 
hypertensinopen and hy inenhatinp hog renin with 
dog scrum hypertensinopen, respectively. 

Xo significant change in the hlood pressure wa.s 
noted in the eight dogs during or following the 
daily injections of the hypertensins. .\asay.s of 
• the serums of the dogs during and after the hyper- 
tensin injections failed to reveal the presence of 
"anti-hyiicrtcnsin,” which was likewise true for 
hypertensive dogs successfully treated with hog 
renal c.vtract contaiiung renin. 

The results suggest that the antihyportensivc 
effect of hog renal extracts containing renin does 
not operate through a hypertensin-antihyper- 
tensin mechanism, f.lidcd b'l a grtint from Ihc John 
and Mary R. Marklc Foundation.] 

Effects of thiourea administered to mothers on 
the thyroid gland of the suckling rat. E. D. Goi.n- 
s.\fiTH (by invitation), .VcBEnT S. Gonno.v and 
HAnnr A. Cu.AHirPEn, Dept, of Biology, Wnshing- 
ton Square College of Arts and Science, Xcw York 
Univ. Rats, suckled by mothers maintained on a 
laboratory stock diet containing 0.5% thiourea, 
were sacrificed at periods varying from 4 to 24 days 
after birth. The thyroids of these young rats were 
found to be hyperemic and enlarged. The degree 
of hyperplasia varied directly with the duration of 
treatment. Representative cases are shown in 
table 1. Control rats from untreated mothers pos- 


T.4BLE 1 


Litter 

no. 

Pre-partum 
: treatment 
(in days) 

Post- 
partum 
treatment 
(in days) 

Weight 
of animal 
(in gm.) 

Weight of 
thyroid 
(in mgm.) 

la 

4 

8 

17 

5.0 

lb 

4 

11 

21 

7.5 

IC V 

4 

15 

37 

10.0 

o 

5 

19 

30 

10.0 

3 

0 

10 

IG 

5.5 

4a 

0 

21 

30 

14.0 

4b 

0 

24 

3S 

21.0 


sessed considerably smaller glands (e.g., 17-18 
gram rats, 3 mgm. thyroids; 45 gram rats, 5.0 mgm. 
thyroids). 


The relative imiiortanee of the pro- and post- 
partum periods in the production of this thyroid 
hyperplasia in suckling young, and wJiethcr of not 
Ihc eidargemcnt. is brought about hy the thiourea 
directly or through the action of the thyrotropic 
hormone of the mother are being investigated. 

Itnfe of disappearance of pregnant mare scrum 
gonadotropin injected into the rat. AuieiitS. Gok- 
nox. Dept, of Biology, Washington Square College 
of Arts and Science, Xew York Univ. The anti- 
hormone tcchniipie of Zondek, Sulman and Sklow 
(.1. Endoerinology, 2: 1011, .302) was employed in 
determining the rale of disajipcaranee of pregnant 
mare scrum hormone following a single injection. 
Eaeh of 150 immature female rats was given a suh- 
eulnneou.s injection of 10 rolc-Saiindcrs units of a 
liigldy imrificd pregnant mare serum gonado- 
tropin. These animals were then divided into 5 
grouiis ami (he rats of each group injected subcu- 
taneously with varying (piantitics of nntihormone 
serum 1,5, 12,21 and 30 hours after administration 
of the gonadotropin. .Ml rats were sacrificed 0 days 
after injection of the hormone and the ovarian 
weights recorded. The antihormonn scrum wa.s 
highly potent and was obtained from rabbits in- 
jected with the purified pregnant marc .serum 
gonadotropin for 5 months. Using the magnitude 
of the ovarian weights as the criterion, it was 
found that there was little change in the value of 
the minimal amount of antiserum recpiircd to 
abolish the clTccts of the hormone up to 21 hours 
after injection of the gonadotropin. Rcyond this 
time (i.e., 30 hours) the method is not applicable 
since now the antihormonc is inelTective in pre- 
venting the gonadotropic action. 

These results would seem to indicate that no 
appreciable decrease in the amount of physio- 
logically active pregnant marc scrum gonado- 
tropin occurs in the organism for at least 24 hours 
following its injection. On the other hand, if has 
been shown that chorionic gonadotropin (P.U.) 
suffers at least a 50 per cent decrease in activity 
1-4 hours after its injection (Zondek at ah). 
[Thanks are extended to Dr. Erwin Schwenk, 
Schcring Corporation, for the supply of purified 
pregnant mare serum hormone.] 

Effect of organs on the activity of thyrotropic 
hormone. Aebeut S. Gordon', S.vvino 
D’Angelo* (by invitation) and HAimy A. 
Champper. Dept, of Biology, Washington Square 
College of Arts and Science, New York Univ. 
Thyrotropic hormone (antuitrin T), dissolved in 
isotonic Brinkman’s buffered solution, was incu- 
bated with slices of various organs at 38°C. At the 
end of 2 hours, the materials were centrifuged and 
the supernatant fluids assayed for thyrotropic 
hormone content in 340 young Fana pipiens larvae 

> Now Aviation Physiologist, MacDill Field, Tampa. Florida. 
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meal manifested by a failure of acid concentration 
to return to the basal level for as long as from 
four to six hours. Mann-Williamson dogs which 
have been protected from ulceration by the daily 
administration of enterogastrone concentrates for 
a period of one one year do not develop ulcers 
following withdrawal of treatment when observed 
for as long as two and one half years. Observations 
on these animals is continuing. Alcohol test meals 
when administered to these “immune” dogs elicit 
the same response as that noted in normal, un- 
treated, unoperated dogs in that the secretory 
response returns to the basal level by the end of 
two hours. 

The mechanism of the prolonged response to 
alcohol in the untreated Mann-Williamson dog 
and its prevention by enterogastrone treatment is 
obscure. The beneficial effect of the upper in- 
testinal musocal extract may possibly be due to 
some factor other than the specific chalone cntero- 
gastrone. [This study ivas assisted by a grant from 
the Josiah Macy Jr. Foundation. 1 

The efficiency of contraction of isolated muscle 
during post-tetanic enhancement. S. A. Guttman 
(by invitation) and McKeen Cattell. Dept, of 
Pharmacology, Cornell Univ. Medical College, 
New York City. The possibility that the enhanced 
twitch response following a tetanus might be re- 
lated to an improvement in the efficiency of con- 
traction, i.e. the proportion of chemical energy 
converted to mechanical potential, was studied in 
the isolated sartorius muscle of the frog (Rana 
pipicns). 

Using an isometric technic with photographic 
recording for the tension (T) and a sensitive 
thermopile-galvanometer system for measuring 
the initial heat (H), the cfficiencj'’ (T/H) was de- 
termined for individual twitches before tetanizing 
the muscle and in the period following. 

During the post-tetanic period of enhancement 
of the response there was at first a small decrease 
in efficiency (about 10 per cent) followed by a 
change in the opposite direction to a value about 
10 per cent above the pre-tctanic control. As the 
enhancement subsided the efficiency also returned 
to the pre-tctanic value. There was thus no regular 
relationship between the degree of enhancement 
and the efficiency, furthermore the T(H changes 
were small in relation to the increase in the me- 
chanical response. These facts lead to the conclu- 
sion that the enhanced twitch tension following a 
brief tetanus cannot be explained on the basis of 
a greater utilization of the energy liberated. 

Electromyography as a method for the determina- 
tion of level lesions of the spinal cord. S.vmuel A. 
Gutt.max and Paui. F. -A.. Hoekeh (introduced bj' 
F. -A.. Mcttlcr). Dept, of Neurology, Columbia 
I’niv. College of Physicians and Surgeons, and the 
Neurological Inst, of New York. The method con- 


sists of a systematic exploration of resting striated 
muscles in man by means of coaxial needle elec- 
trodes. Spontaneous motor unit discharges may 
occur with or without atrophy of muscles when 
the spinal cord segments by which these muscles 
are supplied, are involved in structural level le- 
sions, such as intra- and extramedullary tumors, 
herniation of intervertebral discs, cyst, myelo- 
malacia and others. The recording instrument was 
a six-channel inkwriting oscillograph. Seventeen 
out of 24 lesions verified by operation, autopsy or 
roentgenographic studies were well localized by 
finding spontaneous motor unit discharges limited 
to the muscles innervated by the cord segments 
involved (14) or by coinciding upper levels (3) 
while motor unit discharges were found several 
segments below the verified lower boundary of the 
lesion. In one case the localization by electro- 
myography indicated a level one segment below 
the verified level. In 4 cases motor unit discharges 
were found over too many cord segments (though 
including the correct level) to allow for precise 
localization. Two false localizations were made. 
-The data compare favorably with the localizing 
value of clinical motor, sensory and roentgeno- 
graphic data in the same series. The motor unit 
discharges are presumably the result of lesion or 
irritation (or both) of the anterior horn cell areas 
alone or in combination with the internuncial 
neurone and the motor roots. 

The use of furmethide to test sweat secretion in 
man. Samuel A. Guttman (introduced by F. A. 
Mettler). Neurological Inst, of New York and 
Dept, of Neurology, Columbia Unitu College of 
Physicians and Surgeons, New York. The use of 
drugs for the production of sweating has been 
limited chieflj’^ to pilocarpine hydrochloride and 
mecholyl (acetylbetamethjdcholine hydrochlo- 
ride). This method is of value in demonstrat- 
ing neural lesions, chiefij’^ those involving 
peripheral nerves. Pharmacological doses of pilo- 
carpine or mecholyl too frequentlj’’ induce un- 
pleasant side reactions. 

Furmethide (furfuryl-trimethyl-ammonium io- 
dide), a drug possessing paras 3 "mpathomimetic 
action, was administered to 35 adult human beings 
by hypodermic injection of 5 mg. into the deltoid 
region on one or more occasions. The presence of 
sweating was indicated by the change in color of a- 
starch-iodine mixture (Minor’s method). 

Furmethide was found to possess the following 
advantages over pilocarpine hydrochloride as a 
drug to test sweating in man: 

I. Sweat response of the face, upper extremities, 
thorax and abdomen usually appeared within 2-5 
minutes after hj'poderniic injection into the 
deltoid region. Response to pilocarpine (10-12ing. 
doses) was slower and in manj' instances there was 
no response. 
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2. AunoyiiiR side reactions followinp furmcUiidc 
were rare iiiid could be readily controlled with 
atroiiiiic snlfate. Side reactions following pilo- 
■carpine were most frccincnt, more annoying and 
less readily controlled by atroi)inc sulfate. 

Enbris of blood prc.ssnrc levels on inteslinnl 
molilily. A. S. II.vmii.ton (by invitation), D. .-V. 
Coi.uxs (by invitation), and M. J. OrenN'iintMim. 
Dept, of Phi/siolopil, Temple I 'niv. School of Mcdi- 
citic, Philntlelphi'a, Pa. Cliangcs in intestinal 
motility were observed in intact, adrcnalcclo- 
mized, and ncphrcctomized dogs (chronic Hinbl 
loops) subjected to prolonged, severe hypotension 
followed by re-injection of heparinized blood 
(pentothal-barbital or morphine-barbital anes- 
thesia). Intestinal recording was made from a 
balloon passed through the incised loop to the 
proximal duodenum. Two-hour control periods 
I)reccded bleeding. 

Initial blood loss of 20 ce. per kg. rarely in- 
fluenced tonus or perist.alsis. Sharp reductions in 
tonus occurred when pressure reached 54-S4 mm. 
At approximately 40 mm. peristalsis was usually 
abolished. Motility remained inhibited during 
hypotension maintained for30-S2 minutes at 30-40 
mm. During re-infusion of all blood previously 
removed, tonus returned at 40-50 mm.; peristalsis 
appeared at 50-75 mm. .Vt the height of the blood 
pressure rise, tonus and peristalsis often exceeded 
pre-bleeding levels. Eventually spontaneous, 
gradual falls in blood pressure occurred, though 
tonus and peristalsis remained unchanged or even 
increased until after death. After transfusion, 
liowever, marked drops in blood pressure, pro- 
duced by small blood losses, depressed tonus and 
peristalsis. 

In adrenalectomized dogs minimal or no reduc- 
tion in tonus or peristalsis occurred when pressure 
fell spontaneously or by hemorrhage to 30-40 mm. 
Peristalsis increased, and became abnormal in 
character, as hypotension continued. Re-injection 
of blood caused increase of tonus and peristalsis 
became more normal. .Vs blood pressure fell again 
the high tonus was retained, and peristalsis be- 
came abnormal. Nephrectomized, or intact acutely 
laparotoinized dogs required lower blood pressures 
to depress motilitj- than intact chronic Biebl loop 
preparations. 

Influence of absorbents on the incidence and 
induction period of experimental liver tumors. 
A. H. Hanszex (by invitation) and W. A. Selle, 
Dept, of Physiology, The Univ. of Texas, Medi- 
cal School, Galveston. In a preliminar 3 ’^ report it 
was indicated that montmorillonite, a natural 
white claj-, has a high adsorption capacity for 
carcinogenic butter j'ellow (paradimethjdamino- 
azobenzene). It was further shown that the inclu- 
sion of this adsorbent in a diet of butter j-ellow, 
fed to rats, decreased the onset of fatal liver 


tumors. During 175 days of the initial test' period 
only 1 of 20 montmorillonite-fcd atiimals de- 
veloped palpable liver tumors; 17 of 20 control 
rats developed such tumors and died within n few. 
months. 

Further observation of the animals has now 
inicated that although the induction period of 
liver tumors was groatlj’ increased bj' the addition 
of this absorbent to the carcinogenic diet, the 
tumor incidence was not altered. All animals re- 
ceiving the adsorbent cventuallj’ developed fatal 
liver tumors, but orilj’ after an induction period 
which ivas 50% greater than that of the controls. 

The results do not preclude the possibility that 
with lower dosages of the carcinogen the incidence 
of such tumors might be lowered bj' feeding the 
adsorbent. 

Effect of urea peroxide on smooth muscle. 
Jo.vx'iT.v TiiACKun lI.vnT (bj- invitation) and W. 
A. Sr.i.i.E. Dept, of Physiology, Univ. of Texas, 
Medical School, Galveston. Small amounts of 
urea peroxide, added to oxj’genatcd Ringer's 
solution bathing strips of guinea pig intestine, 
produce marked contractions, the duration and 
the extent of which vary with the amount added. 
The response is unafTcctcd by previous treatment 
with atropine. 0,1 cc of a 1 per cent solution, added 
to 100 cc of Ringer’s produces effects which are 
somewhat similar to those produced b^' histamine; 
the increased tonus, however, is not sustained ns 
in the case of histamine, and the spontaneous con- 
tr.actions are eventually inhibited rather than 
augmented. .\s little as 0.05 cc of a 1 per cent solu- 
tion produces definite responses in the more sensi- 
tive segments. With repeated additions of the 
pero.xidc the tissue responds less and less. If the 
Ringer’s is changed after each addition, sensi- 
tivity is retained for eight or more applications. 

While the effects on guinea pig intestine are 
striking, those on the uterus are only slight; the 
chemical is entirelj' ineffective on smooth muscles 
of arteries and spleen of the dog. 

The stimulating effect of urea peroxide on the 
guinea pig intestine is app.arentlj' independent of 
changes in pH, for solutions neutralized with 
NaHCOj or Na 2 C 03 are equallj' effective, as are 
slightly alkaline solutions. Nor is the effect due to 
urea itself, for strong solutions of the latter are not 
followed by typical responses. On the other hand, 
an equivalent amount of hydrogen peroxide pro- 
duces identical responses. 

On protection against fatal shock from burns by 
extracts of liver. H. O; H.vterius and Emzabeth 
Gl.assco (by invitation). Dept, of Physiology, 
Wayne Univ. College of Medieine, ^Detroit, Mich. 
Attempts have been made to repeat the observa- 
tions of Prinzmetal cl at. (1943), who reported 
that pretroatment with certain commercial prepa- 
rations of liver extract to protr ’-ats 
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against death from the shock resulting from burns. 
The procedure consisted essentially in the injec- 
tion intraperitoneally, one hour before burning, 
of Icc./gm. body weight of Lederle extract, repre- 
senting 15 U.S.P. antianemia units. Burning was 
produced by immersion, under ether anesthesia, in 
water at 70®C for 15 seconds. Mortality rates were 
observed during the ensuing 50-hour period, dur- 
ing which time food and water were withheld. 

Over 100 rats, to date, injected with extract 
have shown a 24.25 per cent mortality. A similar 
number of control animals, injected with equiva- 
lent quantities of saline solution, have averaged 
57.25 per cent mortality in the 50-hour period, 
and uninjected control animals, 66.00 iier cent 
mortality. 

The pattern of organization within the primary 
tactile area of the cerebral cortex of the cat. 
GEoncE J. H.wnes (by invitation) and Clinton 
N. WooLSEY. Dept, of Physiology, School of Medi- 
cine, The Johns Hopkins Univ., Baltimore, Md. 
With the aid of electrical methods for detecting 
and recording cortical potentials evoked by dis- 
crete localized stimulation of tactile receptors in 
the skin, a detailed study has been made of the 
pattern of representation in the primary tactile 
area of the cat’s cerebral cortex. The dorsolateral 
and medial aspects of the liemisphere were ex- 
plored in millimeter steps and the cutaneous area 
activating each point was carefully determined. 

The results show that the pattern of organiza- 
tion in the cat is fundamentallj' the same as that 
prcviousl}' demonstrated in a similar study on the 
monkey (Woolsey, Marshall and Bard, Bull. Johns 
Hopk. Hasp., 1942, 70: 399-441). Pre- and post- 
axial surfaces of the hindlimli are represented 
respcctivelj' on the dorsal and medial aspects of 
the hemisphere, as in the monkey. Tlicre is also 
an “upper head” area, similar to that seen in the 
monkey, adjacent to the trunk area, and the de- 
tailed pattern within the face area of the two ani- 
mals is similar. In these and in other respects the 
intra-areal patterns of organization are compara- 
ble in cat and monkey. The chief differences to be 
found are in the relative amounts of cortex de- 
voted to different portions of the body surface. 

In accord with the earlier findings on the monkey 
we may conclude that in the cat, as in the monkey 
all spinal cord segments below Cs arc projected to 
the cortex in their spinal sequence and th.at the 
cervical segments on projection are reversed 
en bloc. 

The cfTccf of high vitamin C and B vitamin in- 
takes on the ability of man to work in hot environ- 
ments. Austin IIensciiel (b}' invitation), Henry 
Loncstreet Taylor (bj' invitation), Olaf 
Mickelsen (by invitation), Josef ]M. Brozek 
( by invitation) and Ancel Keys. Lab. of Physi- 
ological Hygiene, Univ. of Minnesota, Minneap- 


olis. Fifty-two normal young men were stud- 
ied for the critical period of the first 2 to 4 
days in the heat under rigidly controlled condi- 
tions of diet, work and environmental conditions. 
The temperature was 110-120°F. in daytime and 
85-90°F. at night. Relative humidity was 25-30 
per cent saturation. The daily vitamin supple- 
mentation, which was started 3 days before ex- 
posure to heat, was either 200 mgs. of ascorbic 
acid or 5 mgs. thiamine, 10 mgs. riboflavin and 100 
mgs. nicotinamide. The control groups received 
placebos identical in appearance. Pulse rates 
during work and recoverj^, blood pressure during 
work, rectal temperatures, Crampton blood ptosis 
tests, rate of sweating, water balance, strength 
tests, flicker fusion frequency, plasma protein, 
plasma chlorides and sweat composition were 
studied. The high vitamin intake had no beneficial 
effect on the physiological, biochemical or psj'cho- 
motor functions measured. The rate and degree of 
acclimatization, the incident of heat e.xhaustion 
and the ability to do hard work in the heat were 
not influenced by the vitamin supplementation 
contrary to the claims of others. [This work was 
supported in part under the terms of a contract {no. 
OEMcmr-230) between the Reagents of the Univ. 
of Minnesota and the Office of Scientific Research 
and Development. Support from other sources will 
he acknowledged in final publication.] 

The measurement of regional differences in the 
arterial blood flow in the skin. Alrick B. Hertz- 
man. Dept, of Physiology, St. Louis Univ. School 
of Medicine. My previously reported measure- 
ments of regional differences in the arterial blood 
supplj"^ of the skin were based on the amplitudes 
of the photoelectrically recorded skin pulses. 
These in turn were expressed in terms of an 
arbitraiy unit, the “filter unit” (Am. J. Physiol. 
124: 328, 1938). Calibration of this unit in terms 
of blood flow has now been effected by calorimetric 
measurements of flow in the terminal phalanx of 
the finger and by measurements of flow in forearm 
skin bj'- the venous occlusion method. In the for- 
mer calibration, one “filter unit’’ was found to be 
equivalent to a flow of 0.089 cc./sq.cm./min. and, 
in the latter case, to a flow of 0.115 cc./sq.cm./min. 
The first value is probably more accurate. 

Expression of the previously recorded skin 
pulses in terms of flow (with the aid of this equiva- 
lent of the “filter unit’’) and making allowances 
for the surface area of the part yields the following 
values for the contribution of each region to the 
average value of the cutaneous blood flow as ex- 
pressed in ec./sq.m./min: head and neck 51; trunk 
93; thighs 51; legs 23; hands 58; feet 27. The sum, 
341 cc./sq.m./min., is of the same order as values 
for cutaneous flow which obtained from calori- 
metric data or from the rate of helium uptake by 
the skin. Values, in each type of experiment, .arc 
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for parfiii! hut not comploto thermal tliinlntion 
in the skill. 

Plasma roncontrntions followiiiK sinftlo oral doses 
of (he principal cinchona alkaloids. Einvix P. 
IIi.«T ami Gr.uTuui)); P. Quin’K (hy invitation). 
AYic Ycrl: Unh’. CoUege of Dcnlistn/. Studies of 
the pla.sma coneentrations after taking oral doses 
of quinine, qiiinidinc, cinehonidino, cinchonine 
and totaquina were made using normal dental stu- 
<lonts as Kuhjocts. The alkaloids were administered 
in the form of the free base. Plasma samples were 
taken at once, two. three, five and twenty-four 
hour iiiterv.'d.s after the drug wa.s administered. 

With equivalent doses there are marked differ- 
ences in the plasma concentrations reached after 
taking difTeront cinchona alkaloids. Quinine gives 
the highest witli peak concentrations, after a dose 
of 10 nigni. per kilogram of body weight, averaging 
around 3 mgm. per liter, cinehonidino and quini- 
dinc next with around 2 mgm. per liter, while 
cinchonine gives very low concent rations, not more 
than 0.5 mgm. per liter. 

The plasma concentration after administering 
totaquina is about what would bo expected from 
the additive elTcet of the constituents. 

The plasma concentration is m.arkedl}’ lower if 
the dose is administered immediately after a mc.al. 

Tissue concentrations of the four principal 
cinchona alkaloids in relation to plasma concentra- 
tion. Edwin P. Hiatt and Giunitror. P. Qoi.\.v 
(by imnt.ation). A'cir Yorl: Univ. College of Den- 
tistry. Unancsthetized dogs wore perfused intra- 
venously with solutions of the sulfates of quinine, 
quinidine, cinchonine and cinehonidino in such a 
m.anner as to maintain concentrations in the 
plasma of 3 to 4 mgm. per liter for an hour. Then 
the dogs were sacrificed and samples of nine tissues 
taken. Those samples were analyzed the same d.ay 
by an adaptation of the colorimetric method of 
Brodie, (unpublished), and the tissue/plasma con- 
centration ratio determined. 

There is some variation in the degree to which 
the different alkaloids are concentrated in any one 
tissue. Cinchonine and quinine correspond closely 
while cinchonidine and quinidine occur in higher 
concentrations. 

' There is a marked difference in the degree of con- 
centration of the alkaloids in different tissues. 
Skeletal muscle and brain show the lowest, having 
tissue/plasma ratios of .70 to 5.0. Intestine is next 
with ratios of 3 to 8. Bung, spleen and pancreas 
show the highest concentration with ratios of 10 
to 27, with liver and kidney usually slightly less. 
The cerebrospinal fluid in all cases had a much 
lower concentration of alkaloid than the plasma. 

Pyruvic acid balance of the brain. Willia,mina 
Armsthong Himwich (by invitation), Edmdnd 
Homburger (by invitation) and Harold E. 
Hi.wvtch. Dept, of Physiology and Pharmacology, 


Albany Medical College, Union Unit’., Albany, 
N. y,. In .stiidio.s of brain nictaholi.sm 38 ob- 
flcrvntions were made of corehnil pyruvic acid 
halunec of 33 psyoliotic patients in a vnriely of 
physiologic condition.s. Tlio blood samples wore 
drawn from the infcriml jugiiliir vein and the 
hrncliial artery. In 3G of liicsc observations tlic 
level of pyruvic acid was definitely greater in 
vcnoiw blood from the brain tlian in arterial blood. 
The average difference, 0.27 mg. %, though small, 
is consistent. Of tlic remaining two observations, 
arlerial and venous concentrations of pyruvic 
acid were tlio .s.nmc in one jmtiont and the arterial 
level of this molabolitc w.ns liigher than tlic venous 
in the other patient. 

For eleven of tiic patients studied in tlie post- 
absorptive state dctcrininafions were made of the 
gluco.se, lactic acid, pyruvic acid, and o.xygcn con- 
tents of tlio blood entering and leaving tlio brain. 
The .average arterial-venous differences were 5.8 
volumes per cent, 11 mgm. per cent, 1.7 mg. per 
cent, and 0.2 mg. per cent, for oxygen, glucose, 
lactic .acid and pyruvic acid respectively. Tlic 
lactic-pyruvic acid ratio was 7.2. 

The oxygen content of blood in the right auricle 
and right ventricle. .1. P. Holt and P. K. ICnobfed 
(by invitation). Depts. of Physiology and Pharma- 
cology, Unit’, of Louisville School of Medicine, 
Louisville, Ky. In the determination of cardiac 
output by the direct Pick principle a number of 
workers have taken the sample of mi.xod venous 
blood from the right auricle. In repeated deter- 
minations in the dog by this method we found 
marked dilTercnccs in the cardiac output. It was 
felt that incomplete mi.xing of blood in the right 
auricle miglit explain these dilTercnccs. 

In barbitalized dogs samples were collected 
simultnneouslj’ from two points in the right auricle 
25 mm. apart, by means of small steel cannulae 
that passed into the right auricle bj^ way of the 
right external jugular vein. The blood was col- 
lected over mercury without contact with air and 
analyzed for oxygen content in duplicate by the 
method of Van Slyke and Neill. In one c.xperiment 
the oxygen content was the same in the two sam- 
ples, while in three experiments it was different, 
the average difference being 0.01 cc. of o.xygen per 
100 cc. of blood. Similar experiments were per- 
formed by taking samples simultaneously from 
the right auricle by cannulation, and from the 
right ventricle •bj' needle puncture. The oxygen 
content of the blood from these points differed in 
eight experiments, the average difference being 
2.40 cc. per 100 cc. of blood. The oxygen content 
was the same in two experiments. In two control 
experiments in which simultaneous samples were 
withdrawn in a similar manner from well-mixed 
blood in a bottle, the average difference in oxygen 
content of the samples was 0.10 cc. per 100 cc. It 
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appears that in dogs there usually is not complete 
mixing of blood in the right auricle. 

Relative toxicity of commercial benzene and a 
mixture of benzene, toluene and xylene. Victor 
H. Hough (by invitation) and. Smith Freeman. 
Dept, of Physiology, Northwestern Univ. Medical 
School, Chicago, III. Studies on the relative toxic- 
ity of commercial benzene (90-95 per cent CsHc) 
and a symthetic mixture consisting of 60 per cent 
benzene, 35 per cent toluene and a 5 per cent 
xydene have been made over a period of 123 weeks 
by exposing dogs to an atmosphere containing the 
solvent fumes. The concentration of solvents was 
varied from 600 ppm to 1000 ppm by volume and 
the duration of exposure was varied from 30 to 42 
hours per week. Nine dogs were exposed to ben- 
zene and 4 dogs to mixed solvent fumes. An ade- 
quate diet was fed. 

Weekly determinations were made of R.B.C., 
W.B.C. and Hb., blood phenols and urine con- 
jugated sulfates and phenols. These, plus survival 
time, were used as criteria of toxicity. 

During exposure periods when the concentration 
of each solvent was equal, the benzene group con- 
sistently exhibited higher percentages of conju- 
gated urine sulfates, higher blood and urine 
phenols, lower white cell counts and lower survival 
time. When the concentration of benzene was 
decreased to 600 ppm and the results of the tests 
were compared to those obtained simultaneously 
on the mixed solvent group receiving 1000 ppm the 
values fell within the same range. 

No dogs died from exposure to 1000 ppm of the 
mixed solvent during the 123 week period. Three 
benzene dogs died during exposure of 1000 ppm 
(in 4, 10, and 37 weeks), and one died after 42 
weeks of exposure to 750 ppm. On the basis of the 
tests used it is concluded that the toxicity of the 
solvents as administered was directly related to 
the amount of CsHs present in the solvent. [This 
shtdy ivas assisted by a grant from the Velsicol 
Corporation.] 

Factors affecting the anomalous freezing of egg 
yolk. Evelyn Howard. Dept, of Physiology, 
Johns Hophins Univ. School of Medicihe. While 
Straub and others have reported that egg yolk is 
hypertonic to white, the author’s crymscopic data 
(Jour. Gen. Physiol. ’32) indicated that the yolk 
is isotonic to white. However, after seeding super- 
cooled yolk the temperature sometimes tended to 
plateau at 0.56°, after which ft platcaued at 
— 0.43°C. The first plateau was regarded as an 
anomalous result of supercooling and on theoreti- 
cal grounds the second plateau was considered the 
freezing point. The first jdateau accounted for the 
observations of Straub and others. 

The freezing of ymlk has been further analyzed 
as follows: stirring and bath temperatures were 
regulated so that the rate and overall direction' of 


heat -transfer (dll) could be adjusted. Since stir- 
ring was intermittent, 10 second periods of cooling 
and ice formation alternated with 20 second 
periods of warming and ice molting, the overall 
trend being cither -fdH or — dH. The — dll yolk 
seeded at 0.46°C, plateaus at 0.43°C, for 40 minutes 
or more, if — dH is not excessive. If the -f-dll ymlk 
is supercooled and seeded the temperature curve 
inflects at —0.56°, but plateaus at 0.43°. Since the 
—0.43° plateau occurs on both -|-dH and — dH if 
the stirring is adequate it is concluded that it rep- 
resents the temperature of icc-yolk equilibrium. 

The supercooled — dH ymlk plateaus at 0.56°. 
The lower plateau is conceivably^ a result of sub- 
stances interferring with equilibrium at the ice- 
ymlk interphase. 

These findings support my’’ earlier conclusion 
that egg y’olk is hypotonic to adult blood, and 
isotonic to egg white. 

Influence of immobilization on denervafed skele- 
tal muscles. O. Leonard Huddleston (Medic.al 
Corps, A.U.S.) Harold Dalton Jenkins (by 
invitation) Joseph Timothy Luc.\s (by invita- 
tion). Dept, of Physiology and Pharmacology, 
Univ. of Colorado School of Medicine, Denver. 
Antagonistic skeletal muscles (gastrocnemius- 
plantaris and anterior tibial) were immo- 
bilized in different positions during degenem- 
tion and regeneration of their motor nerve supply. 
Complete degeneration was accomplished by 
crushing the anterior nerve roots of L 5, L 6, L 7, 
and S 1. The right hind leg of S dogs was'easted in, 
extension, 4 in neutral and 3 in flexion. There were 
two control groups of 6 dogs each (operated un- 
casted) and (unoperated casted). Determinations 
were made of muscle weights, tension mymgranis 
and electrical tests (thresholds for galvanic and 
faradic stimulation). Symmetrical muscles of the 
normal left leg of each animal were used as con- 
trols. The average per cent weight loss for the 
immobilized denervated museles ranged from 
40% to 60%; that of the operated uncasted group 
ranged from 22% to 28%; and that of the im- 
mobilized non-denervated group ranged from 27% 
to 37%. The total weight loss of the immobilized 
denervated muscles resulted from two sources of 
approximately equal value: 1, disuse atrophy; 2, 
incomplete regeneration. Muscle tension and 
electrical tests were qualitatively similar to tliosc 
of the muscle weights. Absence of immobilization 
of denervated muscles did not retard the regenera- 
tion of the motor nerve supply. Recovery was 
more complete in the non-immobilized denervated 
muscles. All qualitative and quantitative data 
indicated that immobilization retarded the re- 
innervation of denervated muscles. The muscles 
whicii were immobilized in the position of maxi- 
mal muscle length showed less functional recovery 
than those immobilized in minimal muscle length. 
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bun grciiil from The Xalionnl Toumlolioii 
for Infatililr Tarnlijsl.'f, hiieorpornlrtl.] 

Resistance to (he anoxia of high attitude alTordcd 
by (hiourncil. A. M. Ihiciius (introduced !)>• K. It. 
.\stwood). Dcpls. of Phoniioroloff!/ and .'[[ciliriiir, 
Uurrard Mctlicetl School , lloc(oo,Mosr. Tliyroidec- 
toiiiir.ed animals liave liocn shown to he morc 
resistant to anoxia than normal ones. In view 
of the fact that functionally athyroid animals can 
he jirodueed hy the administration of thiouraeil, 
cxiwrimcnts were conducted to determine whether 
rats thus treated would show an increased re- 
sistance to anoxia. 

Thiouraeil was admini.stered to yotiiiR adidl 
rats as a 0.1(7) solution in the drinking water. The 
anim.als were exposed to a simulated altitude of 
approximately 3S,000 feet (150 mm. llg.) in a 
chamber consisting of a vacuum desiccator con- 
nected to a watcr-,pum(). The incssurc was regu- 
lated hy a valve on the air inlet tube. Xo difference 
in survival was noted between the treated and 
control animals during the first 7 days of treat- 
ment. .After S d.ays treatment with thiouraeil, 
treated animals survived ati average of -ll ± 14 
minutes, while controls survived for IS ± 4 min- 
utes. Treatment for 2 to 3 weeks increased the 
survival time to as long as S horn's, compared 
with 10 to 15 minutes for the controls. The injec- 
tion of 5 /ig. thyroxin daily concurrently with 
thiouraeil treatment completely abolished the 
beneficial effects of the thiouraeil. 

Protection was also afforded against the anoxia 
produced hy low oxygen tension at atmospheric 
pressure and by earboii monoxide poisoning. No 
increase in resistance to cyanide poisoning was 
observcil. 

Effect of two adrenal steroids and insulin on the 
excretion of sodium and chloride. Dwight J. Ingle 
and Ruth Shepp.xhi) (by invitation). Research 
Laboratories, The Upjohn Company, Kalamazoo, 
Mich. Normal male rats on a constant diet 
were used. The administration of 2 to 5 nigm. daily 
of either 17-hydroxycorticosterone or 17-hydroxy- 
11-dehydrocorticosterone caused an increased 
urinai-y excretion of sodium and chloride for one 
to three days, followed by a short period of in- 
creased retention and thereafter a normal balance 
between intake and excretion. 

When insulin was injected in amounts which 
produced hypoglycemia there was a similar in- 
crease in the excretion of sodium and chloride, a 
short period of increased retention and then 
equilibrium. Hypoglycemic convulsions were 
always followed by a temporai-y increase in the 
excretion of these ions. 

-Vn increased excretion of sodium .and chloride 
is known to be induced by anoxia, diabetic shock, 
severe surgerj' and other unrelated conditions 
which represent a stress to the animal. It may be 


po,s.Mihlc to extend the .sugge.stions of I^cwis et nl. 
(.lour. Clin. Inve.st., 21: 33, ■I1I12) and explain 
this idienomenn as due specifically to the increased 
.spcretiou of the C'n, u-oxygenated adrenal steroids 
during stre.ss. -As an alternative hypothesis, it 
may he that the sodium and chloride excreting 
effect of these steroids is non-specific, not a physi- 
ologic jn'operty, and that the phenomena can 
occur in the absence of these compounds, 

Circulation time in normal and in shocked 
animals, measured by an objective method. (Me- 
thylene blue, photo-electric cell.) I5i:.vj.\.min 
.l.viii.ox.s and Oris M. Copi:. /)cpl. of Physioloqn 
and Piochcmislry, Xrw York Medical CoUcyc, 
Ploieer and Fifth Arcnnc Jlospitah. The animals 
used were dogs weighing from 12 to 20 pounds. 
Materials used con.sisted of detector apparatus, 
idioto-electric cell, light .set-up with galvanom- 
eter, and ampoules of methylene blue, 1.27o. The 
dye was injected into the saphenous vein of the 
lower extremity or the ulnar vein of the fore limb. 
The light set-up was adjusteil to the car, and the 
circulation time, determined by a stop-watch, was 
taken ns the time from the moment of injection of 
the live to the instant the galvanometer detlcction 
.signalled its appearance in the ear vessels. Shock 
was produced by ligation of the limbs for varying 
periods, e.g., ligation of both limbs for 5 to 5J 
hours; of all four limbs for 4 hours; or of one limb 
for t) hours, prior to release. 

Certain precautions arc necessary for satis- 
factory results. To facilitate adequate transmis- 
sion of light through the car, all hair should be 
removed both inside and outside the ear at the 
place of application of the photoelectric cell, by 
the use of a depilatory, such a barium sulphide. 
•As little compression, as possible should be used 
to keep the cell in place. 

The average circulation time (fore-paw to car) 
was, in the normal animal, 7.G seconds; in the 
shocked animal, 1S.5 seconds. In some animals 
there was a prolonged circulation time following 
barbiturateanesthesiaincontrast to that following 
morphine narcosis. 

The evaluation of gelatin as a plasma substitute 
by the use of a standardized method of assay. 
M.vhth.v Janota (by invitation), S. O. Levinson 
(bj^ invitation), F. Ari.moto (by invitation) and 
H. Necheles. Samuel Dcutsch Serum Center 
and from the Dept, of Gastro-Inicslinal Research 
of Michael Reese Hospital, Chicago. Two, 4 
and 8% gelatin solutions were assayed on dogs 
in hemorrhagic shock produced by the method de- 
scribed above. Saline-red cell and plasma-red cell 
infusions served as controls. The following results 
were obtained: Saline and 2% gelatin; IS animals 
with factors vai-ying between 1940 and 4000 died 
early; only one animal, with the highest factor 
yet observed, 4704, survived indefinitely. Four % 
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and 8% gelatin: 13‘dogs with factors below 1700 
died early, 4 died during the night. With factors 
above 1700, 7 died early, 7 during the night, and 11 
survived indefinitely. 

Whole blood : 5 dogs with factors below 1700 died 
early, one died during the night, and one survived 
indefinitely. With factors above 1700, one died 
during the night and 5 survived indefinitely. 

Under the rigid conditions of the assay, 4 and 
8% gelatins appear to be good plasma substitutes. 

Repeated hemorrhage and later rcinfusion of 
the withdrawn blood is able to produce the typical 
picture of shock, as evidenced bj' gross and his- 
tologic changes and by changes in the composition 
of the blood. The development of this shock can- 
not be prevented by infusions with saline or 2% 
gelatin solutions. The “Factor Of Probable Sur- 
vival” (blood pressure times CO 2 , 30 minutes after 
first hemorrhage) gives an expression of biologic 
variations between animals, and predicts the 
chances of survival with plasma substitutes. 

Vascular reactions to cold related to the early 
stages of immersion foot. Kenneth E. Jochim and 
Ai.niCK B. Hertzman. Dc-pl. of Physiology, Si. 
Louis Univ. School of Medicine, Si. Louis, Mo. 
The vascular I'eactions in the finger pad of normal 
subjects to ice water were studied bj’ recording 
simultaneously the amplitude and wave form of 
the pad pulses and the changes in blood content by 
means of i)liotoclcctric plcthysmograplis. The 
reactions could bo divided into two groups: first, 
those in which the changes in blood content closely 
paralleled the changes in arterial diameter with- 
out any significant clTect on the propagation of the 
])ulsc wave into the minute arteries; second, those 
in which the onset of the reactive dilatation 
showed first in a large early increase in pad blood 
content which preceded and then paralleled the 
increase in the pad pulses. This engorgement of the 
pad increased its volume often far above the con- 
trol levels; the skin capillaries flushed suddenly 
at this time; the hyitcremia was evident on in- 
spection. The i)ad pulses of this second group also 
exhibited gross changes in wave form (slow ascent 
of anacrotic limb, delay of crest, marked rounding) 
as the increase in blood content proceeded but 
progressively recovered their normal form as the 
peak of the increase in blood content was passed. 

These difTcrenccs between the two groups may 
be related to quantitative differences in the par- 
ticipation of the arterio-venous anastomoses and 
normal arteriolar channels in the early stages of 
the reactive dilatation. It is felt that the reactions 
of the second group would favor the development 
of the “immersion foot” syndrome due to tlic 
engorgement of the subpapillary venous i)lc.\us 
and capillary stasis. [Aided by American Medical 
Association.] 

The effects of cold on the blood vessels of the 


skin of the forearm. Kenneth E. Jochim and 
Alrick B. Hertzman. Dcyt. of Physiology, Si. 
Louis Univ. School of Medicine, Si. Louis, Mo. 
Differences between the skin of the forearm and of 
the finger with respect to the richness of the 
arterial blood supply and the number of arterio- 
venous anastomoses correlate with significant 
differences in the vascular reactions (recorded by 
photoelectric plethysmographs) to local cold. 
Decreases in the blood content and the volume 
pulses of the forearm skin were elicited in pro- 
portion to. the duration and the extent of the fall 
in skin temperature. However, the volume changes 
preceded the decrease in pulse amplitude, and, in 
the case of a brief application of cold, often oc- 
curred without a change in pulse amplitude. 
Blocking the blood supply to the hand by a cuff 
at the wrist did not alter these reactions. Recovery 
in skin temperature, skin pulses, and skin volume' 
was very slow compared to recovery in the finger. 
No reactive dilatation was seen in the forearm 
skin. 

It is believed that the direct effects of cold on 
the skin vessels are dominant (vasomotor reflexes 
being of minor importanee) and that the volume 
changes in the forearm skin are due principally to 
changes in tone of the subpapillary venous plexus 
which seems to be quite sensitive to cold, and th.at 
the nonappearance of the reactive dilatation 
which accounts for the corresponding slow re- 
covery and the absence of venous engorgement 
(the latter occurs frequently in the finger), is duo 
to the dearth of arterio-venous anastomoses. 
Their distribution therefore seems relevant to the 
topograjihy of the skin lesions in the “immersion 
foot” syndrome. [Aided by Americal Medical 
Association.] 

Damaging effect of lipemic plasma upon erythro- 
cytes in normal man and in pernicious anemia. 
Victor Johnson, L. Wii.i.ard Freeman (by in- 
vitation) and Joan Longini (by invitation) and 
Arthur Loewy (by invitation). Dept, of Physi- 
ology, the Univ. of Chicago. Tiic authors and other 
collaborators have previously reported that in 
dogs (1) especially lacteal chyle but also thoracic 
duct cliyle are hemolytic during fat absorption; 
(2) the hemolytic agents are probably fatty acids 
and soaps; (3) lipemic plasma increases erythro- 
cyte fragility; and (4) a high fat diet increases the 
rate of erythrocyte destruction. 

Employing a standard crythrocj'te fragility test 
it was found (111 experiments) that exposure to 
normal lipemic serum increased the susceptibility 
of normal erythrocytes to hypotonic hemolysis. 
Upon exposure to normal lipemic scrum, the 
erythrocytes of 2 untreated pernicious anemia 
patients were rendered more fragile than were the 
ery'throcytes of normal individuals, 5 treated per- 
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nicioiis anciuiji cjifcs, niiil 7 patients witli ntlier 
anemias. 

In 8 untreated pernicious ancniiii patients 
lipemic serum produced not oidy nn increased 
crj'tlirocyte. frapilily Init also actual hemolysis, 
when lipemic serum and red cells of the same in- 
dividual were mixed. IJy contrast, lipemic serum 
of 6 treated pernicious anemia patients and 7 
normal imlividuals produced oidy increased 
fraRility but no actual hemolysis of their own red 
blood cells. 

Thi.s evidence supports the concepts that fat 
inpestion contributes to normal daily bumnn 
crA’throcytc destruction, and is especially in- 
jurious to the erythrocytes in untreated pernicious 
anemia. 

A note pertaininR to Cushinc’s conclusion that 
“total hj-pophyscctomy” was incompatible to life. 
•A. D. KEia.nn. Dept, of Pliy.'iioloii!/ oad Phnnnn- 
cotogy, Baylor Unit’. College of Medicine. Itis clear 
that death in Cushing’s “totally bypopbyscclo- 
mised dogs” was predominately due to spontane- 
ous hypoglycemic crises (cachexia hypophyse- 
opriva’). AVby did crises invariably irrccipitatc in 
■ Cushing’s animals and not for instance in those of 
•Vsehner, Sweet and .Mien and Dandy and 
Reichert? 

I suspect that the consistency of Cushing’s re- 
sults was duo to bis consistency in severing the 
stalk as far distally as was compatible with total 
removal of the jiars anterior. 

This suspicion is ba.‘'cd upon my experience in 
c.xecuting varying degrees of bypo|)bysoctomy >n 
'a large series of dogs wherein the postoperative 
nursing and feeding care for the entire series was 
carefully standardized. They were maintained in 
a constant environmental temperature, fed at S 
hour intervals (force fed wlien necessary) and ob- 
served routinely at 4 hour intervals. 

Dogs passed through the acute and subchronic 
periods with relative ease when the stalk was cut; 
(I) distallj’ such that a narrow rim of |)ars anterior 
remained attached or (2) through its middle or 
proximal extent, preliminary' to the by'pophy'sec- 
tomy. When it was sectioned as close as possible to 
the pars anterior, without cutting into this struc- 
ture, it was extremely' difficult to maintain these 
preparations during these periods. 

This increased maintenance difficulty and its 
correlation w'ith the level of stalk section was 
unmistakable. Hy'poglycemic crises precipitated 
with case and were extremely difficult to control 
by' sugar therapy'. Therefore, factors other than 
carbohy'drate disturbances arc suspected as con- 
tributing to the extreme instability of these par- 
ticular preparations. [Aided by a grant from the 
Rockefeller Foundation to the Vniv. of Alabama.] 
An intense and enduring miosis following tran- 
section of the brain stem caudal to the level of exit 


of the oculomotor ncrvc.s. A. D. Kr.impn. Dept, of 
Physiology and Pharmocology, Baylor Univ. 
College of Medicine. In my' original paiinr dn- 
.scribing a method of transecting the brainstem 
wilhoiitdistiirbing the brain tissue cophalad to the 
lo.sion it was stated that the juijiils assumed a slate 
of mn.ximal constriction when the transection 
passcil caudal to the level of exit of the oculomotor 
nerves. This statement pertained to observations 
on acute and .subacute preparations only, llromcr 
has independently' noted this miosis in similar 
preparations. 

Since the original observation, aside from es- 
tablishing its invariable occurrence in a very 
sizable number of cats and dogs as well as a few 
monkey's, 1 have been mucb interested in deter- 
mining ibe status of the pupils in truly chronic 
prciiaratioim. I have succeeded in maintaining 
several such preparations for from six to eight 
weeks. I'ollowing an uncomplicated complete 
transection there is no evidence of a lessening of 
the miosis for the first few weeks after operation. 
Then very slowly' but inogrcssivcly the pupils 
exhibit slight dilatation when observed in total 
darkness or in mild light, .As soon ns the pupils 
dilate sufficiently to admit light to the retina a 
light reflex can be demonstrated. .An intnel pupil- 
lary' response to light can be demonstrated shortly 
after operation in tlic situation where the lesion 
encroaches ujjon the pujiillo-constrictor colls or 
libel's such that the pupil remains sufficiently' 
ililatcd to admit light to the retina. 

Following near-complete transcctions, a small 
area remaining unsevered either medially or later- 
ally', the pupils exhibit maximal constriction for 
several days but then return to normal rapidly, 
i.c. with respect to somatic pupillo-dilator influx. 
Indeed the status of the pupils is a most reliable 
phy'siological criteria forjudging the completeness 
of transection, during the subchronic and chronic 
periods. [Aided by grants from the Rockefeller 
and .John and Mary R. Marklc Foundations to the 
Univ. of Alabama.] 

Death in from three to six weeks following un- 
complicated total hypophysectomy apparently due 
predominantly to adrenal insufficiency. A. D. 
Kei.leb. Dept, of Physiology and Pharmacology, 
Baylor Univ. College of Medicine. An the dog it 
has been found that complete se.xual regression 
and stoppage of growth with maximal coat change 
can routinely bo precipitated unassociated with 
material disturbances in carbohydrate and energy 
metabolism or adrenal cortex size. The appropri- 
ate hypophysectomy is that which leaves the 
maximal amount of stalk tissue compatible with 
total or near-total elimination of the pars anterior. 

Quantitatively the disturbance in carbohydrate, 
energy and fat metabolism and adrenal atrophy is ’ 
associated with the level of stalk section pre- 
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liminary to the hypophysectomy. The more proxi- 
mal the section the greater are these deficits. 

When all hypophysial tissue (including stalk 
tissue) is removed without infringement upon the 
hypothalamus the animals make uneventful re- 
coveries and appear normal outwardly for from 
three to six weeks (more often at four weeks). 
Then a characteristic crisis sets in abruptly. 
Diarrhoea first appears followed by muscular 
weakness and general lassitude. Mild hypo- 
glycemia is present and, according to not too 
reliable determinations, blood sodium is abruptly’ 
lowered. Keeping blood sugar at or above normal 
does not alter the course of the crisis. Crises have 
been successfully alleviated by administration of 
Upjohn’s Adrenal Cortex Extract and Ciba’s 
Percortin. Successful therapeutic management is 
not as predictable as following adrenalectomy 
alone, due presumably to associated multi-glandu- 
lar deficits. 

Adrenals in dogs dying in four weeks exhibit 
striking but not maximal thinning, while in dogs 
maintained therapeutically three months the ad- 
renals are maximally atrophied. Adrenals of near- 
total hypophysectomized dogs maintained three 
months invariably exhibit profound atrophy. 
Crises can be precipitated in near-total prepara- 
tions by lowering diet sodium. [Aided by a grant 
from the Rockefeller Foundation to the Univ. of 
Alabama.] 

Demonstrating that descending fibers subserving 
heat production are distributed well latero-ventrally 
at the cephalic level of the pons. A. D. Ivellek. 
Dept, of Physiology and Pharmacology, Baylor 
Univ. College of Medicine. A transverse lesion 
placed in the cephalic pons such that in addition 
to a right hemisection approximately the medial 
two-thirds of the left half is severed temporarily 
impairs heat regulation. The animal’s ability to 
maintain a normal rectal temperature in the 
presence of a cool environment is totally elimi- 
nated for several day-s. Then gradually over a 
period of three weeks this ability returns es- 
sentially to normal. 

After recoverj' has occurred severing the intact 
lateral segment by making a left hemisection a few 
mm. cephalad to the original lesion, reduces the 
animal vcrmanciUly (S weeks) to the totally non- 
heat regulatorj' state. Accordingly the recovery 
is interpreted as being due to the activity of 
fibers, subserving heat production, descending in 
the unsev'crcd lateral segment rather than to 
the progressive activity of a released subsidiary 
pontile or medullary mechanism. 

These fibers pass in the ventr.al portion of such 
an isolated lateral segment because when this 
portion is included in the original transverse le- 
sion, (complete transection except for the dorso- 
lateral tissue in immediate environs of the left 


brachium conjunctivum) the animal loses per- 
manently all powers to combat a cool environment. 
Such a preparation retains adequate heat loss 
powers to eombat a hot environment without a 
noticeable or a striking deficit. Such a lesion there- 
fore completely eliminates the heat production 
mechanism without materially impairing the heat 
loss mechanism. [Aided by a grant from the John 
and Mary R. Markle Foundation to the Univ. of 
Alabama.] 

Failure of the cerebrospinal tract to exhibit retro- 
grade degeneration following section at the pons or 
midbrain level. A. D. Keller. Dept, of Physiology 
and Pharmacology , Baylor Univ. College of Medi- 
cine. The statement is frequently made that sec- 
tion of all nerve fiber systems within the central 
nervous system results in the retrograde degenera- 
tion of the fibers and cell bodies pro.ximal to the 
lesion. During the past several years I’ve had re- 
peated occasions to observe that this does not 
obtain with respect to the cerebrospinal tract 
when it is severed at the pons or midbrain level 
using the bhmt dissection method. 

Dogs (also cats and monkeys for shorter inter- 
vals) were maintained for from 6 to 15 months 
following a complete hemisection of the upper 
brainstem. After termination of the experiments 
the brainstems were fixed in formalin, embedded 
in paraffin, sectioned serially (crossed and 
frontally) and then appropriate sections were | 
stained in several ways; modified Pal 'iVeigert, 
modified Ma.ximow, cresyl violet, and ,Bodian 
silver. 

Study of the cerebrospinal tracts above the level 
of hemisection revealed no obvious difference be- 
tween the severed and unsevered tracts. Below the 
level of hemisection the severed tract showed com- 
plete degeneration. 

The above facts were illustrated incidentally 
before this societj’’ in 1939 in connection with a 
motion picture demonstration pertaining to mus- 
cular atonicity following transection of the br.ain- 
stem through the cephalic pons. (Am. J. Physi- 
ology 126: 552, 1939.) 

It has previously been demonstrated that fibers 
in a brachium conjunctivum likewise do not show 
retrograde degeneration, whereas those in the 
rubro-spinal tracts do (complete in two months). 
Other S 5 '’stems which invariably exhibit retrograde 
degeneration are fibers taking origin from the sub- 
stantia nigra and the superior olive. [Aided by a 
grant from the Rockefeller Foundation to the Univ. 
of Alabama.] 

Sensory disturbances in animals having incom- 
plete transections of the brain stem. A. D. Keller. 
Dept, of Physiology and Pharmacology, Baylor 
Univ. College of Medicine. Hemisection of the 
brainstem through the pons or midbrain does not 
obviously alter sensory perception as judged by 
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"pross diuicrtl iiistinction." Whoii in inldition to n 
Iwuiiscction tlic motliiil aspect of the opposite 
half is eneroaelied upon appropriately the animal 
exliiWts u clear cut bilateral hyporscnsitivity to 
cutaneous stimuli. The response suppests an ex- 
c.ruc.iatinp painful sensation ("over-reaction”). 
The thre.shold is lowert'd or at least is pot raised. 
This hypersensitivity is particularly noticeable 
durinp the early postoiierative |icriod and in .some 
prcitaratious disappears with chronicity while in 
others it jicnsists in demonstrable form indefi- 
nitely. 1 have seen no evidence of spontaneous 
attacks. 

When the opposite half of the brainstem is in- 
volved to a greater degree there is a definitely 
raised threshold but tbc “ovcr-rcaetion” painful 
response is still present. Also a rage response is 
obtainable which could well be an "over-rcnction” 
affair. Although one can not always predict which 
response will obtain following a given stimulation 
it is at times possible, in long chronic preparations, 
to selectively elicit either rcspon.se by appropriate 
stimulation. 

There is no doubt of tbc similarity of the experi- 
mental syndrome with the clinical syndrome de- 
scribed by Kendall (Brain, 1939, 62: 253). There is 
this difference, Kendall attributes the phenome- 
non to involvement of one side of the brainstem 
.alone, wherc.as experimentally it is clear that the 
involvement must be bitalcral. 

Arc the "over-reaction” responses due to selec- 
tive elimination of specific fibers or merely due to a 
progressive reduction in number of fibers? [Aided 
by a grant from the Rockefeller Foundation to the 
Unit’, of Alabama.] 

Hard work on restricted B vitamins. Ancbi. 
Kbvs, Au-stix F. Hkkschul (by invitation), 
Hexby Longstrekt Taylor (by invitation, 
Olaf Mickelsex (by invitation) and Josee 
M. Brozek (by invitation). Lab. of Physiologi- 
cal Hygiene, Univ. of Minnesota, Minneapolis. 
Eight normal young men maintained a rigid 
25-dny schedule of hard work (4SOO Cal. daily) 
on a diet adequate except for vitamins of the B 
complex which averaged, per 1000 Cal., 0.16 mg. 
thiamine, 0.15 mg. riboflavin and l.S mg. of niacin. 
-Ml foods as eaten were analyzed for the several 
vitamins by proven methods. All men received 
adequate B supplements for the first 6 and the 
last 5 days but during the remainder only 3 men 
received the supplements while the other 5 re- 
ceived placebos. None knew what he received 
and all were constantly under supervision. Initial 
vitamin stores in the body were standardized by 
a fixed preparatory regime below National Re- 
search Council recommendations. Repeated e.x- 
tensive measurements under constant conditions 
covered hard aerobic (endurance) work, violent 
(anerobic) exertion, psychomotor functions 


(speed, coordimi(iou) muscle strength, various 
“fitness” tests and details of intermediary metab- 
olism (blood lactate, pyruvate, gluco.so) in rest, 
work and recovery. Exhau.slivc clinical examina- 
tions were supplemented with subjective question- 
naires. All results were in cot\clu'sivc agreement 
that the vitamin limitation was entirely without 
effect on all of the functions measured. Urinary 
excretion of thiamine and riboflavin was fre- 
fpiently measured and this relleelcd tbc intake but 
this Was more jrronounced with thiamine than with 
rihonaviu. It is concluded that for at Ica.st M 
days of very bard wtwk the present low intake of 
B vitamins has no effect on the physical “fitness,” 
performance or work capacity of normal young 
men. (77i(,s irorh ica.x supported in part under the 
terms of a contract no. {f}EMcmr-27) between the 
Reagents of the Unir. of Minnesota and the Office 
of Scientific Research and Development. Support 
from other .sources will be acknowledged in final 
puhlicotion.l 

Porphyrins and the central nervous system. 
Ubixiiicii Ki.tlvEu. Otho S. A. Sprague Memorial 
lust.. Unit’, of Chicago, Chicago, Illinois. The 
fluorescence spectrum of the white matter of the 
central nervous system, in various mammals, re- 
veals a sharp emission band at 030-620 ray with a 
maximum at about 625 mp. Tliis band is present 
even in the wliitc matter of a live animal. It is 
.absent in tlie cortex and in tiie meninges of the 
brain and spinal cord. Exciting light of X < 170 mg 
is effective in producing tliis band. 

Tiic position of tlic hand and tiie effects of vari- 
ous agents on the behavior of this band suggest 
the presence of a porpliyrin. Available data 
strongly indicate tliat the porpliyrin which we 
have extracted from the white matter of various 
mammals, including man, has the characteristics 
of a coproporplij'rin. The spectrochemical evi- 
dence is derived from data on solubility, specific 
HCl number, and the fluorescence spectra in 
different solvents. Extractions of white matter 
also furnish varying amounts of protoporphyrin. 

The 625 m/i emission band has been found to be 
absent in the white matter of amphibians and 
reptiles (7 species). It has been found to be present 
only' in warm-blooded animals (20 species of mam- 
mals and birds) . Postnatal development in mammals 
appears to be characterized by an “ascending por- 
phy^rinization” of the central nervous system. Tiie 
625 ma omission baud is not present at birth. 
It appears first in the spinal cord (e.g., in rats at 
the age of 20-23 days) and, finally, in the cerebrum. 

The fluorescence spectra of the cranial nerves 
exhibit striking differences in the sense that the 
625 mM emission band is present, for instance, in 
the 2nd and 8th nerve, but absent in the 3rd and 
6th nerve. 

The significance of these findings for neurology 
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and psychiatry and problems related to the pres- 
ence of a photodynamic substance in the white 
matter, including the optic nerve, have been dis- 
cussed in a previous paper (J. Psychol. 17: 209, 
1944). 

The reabsorption of sulfanilamide by the kidney 
tubule. Geohge KoEPii-, Roger S. Hubbaru and 
Ted a. Loomis (by invitation). Univ. of Buffalo 
Medical School and the Melaholic Clinic of the 
Buffalo General Hospital. In a series of 90 renal 
clearance determinations on an unselected group 
of human subjects, it was found that the clearance 
of sulfanilamide was 0.45 times as great as the 
simultaneous clearance of inulin. This indicated 
that part of the sulfanilamide which appeared in 
the glomerular filtrate was reabsorbed through the 
kidnej' tubules into the peritubular capillaries. 

The sulfanilamide clearances were determined 
simultaneously with inulin and diodrast. The 
rate of reabsorption of sulfanilamide could there- 
fore be calculated by subtracting its rate of ex- 
cretion in the urine (urine sulfanilamide concen- 
tration times rate of urine formation) from its 
rate of excretion in the glomerular filtrate (plasma 
sulfanilamide concentration times inulin clear- 
ance). The rate of reabsorption of this compound 
was plotted against (1) the plasma flow to the 
kidneys as given by the diodrast clearance, (2) 
the rate of urine formation, and (3) its rate of ex- 
cretion in the glomerular filtrate. 

There was no relationship between urine flow 
and the reabsorption of sulfanilamide. Slight, 
irregular parallelism between the reabsorption 
and renal blood flow (measured by the diodrast 
clearance) was probably present. The correlation 
between the reabsorption and rate of excretion of 
the compound into the glomerular filtrate was veiy 
close. As the rate of excretion of sulfanilamide 
into the glomerular filtrate rose from 0.1 to 14.0 
mg. per minute the rate of reabsorption rose from 
0.1 to 9.0 mg. per minute. By far the most im- 
portant factor affecting the reaborption of sulfa- 
nilamide appears to be the rate at which the com- 
pound is delivered to the tubules. 

An effect of breathing high oxygen mixtures on 
shivering in man. Frederic J. Kottke (by invi- 
tation), J. Stephen Piiaeen (by invitation) and 
M. B. VissciiER. Dept, of Physiology, Univ. of 
Minnesota. In the course of studies of the physi- 
ological responses to cold, an effect on the gross 
shivering movements of breathing high con- 
centrations of oxygen was noted. 

Subjects nude or dressed in standard garments 
were seated on a net covered deck chair in a room 
maintained at 10°C and 45% relative humidity. 
Thermocouples were used to record skin and rectal 
temperatures. A radiation pyrometer was used to 
measure the surface temperature of exposed areas 
of skin and of the external surface of the garments. 


The, onset and amplitude of .shivering were re- 
corded optically using sensitive glass spoon 
manometers to measure pressure changes in bal- 
loons taped over the pectoral muscles and the ad- 
ductor muscles of the thighs. Oxygen mixtures 
were supplied through a standard closed circuit 
metabolism machine. 

Under standardized conditions the time of onset 
of shivering was reasonably constant for a given 
subject. However, when a high oxygen concentra- 
tion was breathed bj’^ the subject from the 
beginning of the experiment the onset of 
gross shivering was greatly delayed. Like- 
wise if the oxj’-gen was administered after shiver- 
ing movements had become continuous, after 
about five minutes gross shivering was reduced 
or completely inhibited for variable periods of 
time. This was accompanied by a subjective sensa- 
tion of warmth although skin temperature changes 
were small or non-existent. On the other hand if 
the subject was switched from a high oxygen con- 
centration to air the shivering movements quickly 
increased in amplitude and intensity. [Aided iy 
grants from the Munsingwear Fund of the Minne- 
sota Medical Foundation.] 

Effect of breathing high oxygen mixtures on 
human metabolism during shivering. Frederic J. 
Kottke (by invitation), J. Stephen Ph.^len (by 
invitation) and M. B. Visscher. Dept, of Physi- 
ology, Univ. of Minnesota. The effect of high con- 
centrations of oxygen on the metabolism during 
shivering has been studied. 

In addition to recording shivering of normal 
subjects as described in the preceding note, the 
changes in metabolism were estimated using 
standard apparatus. A resting metabolic rate was 
determined after thirty minutes rest in a warm 
room before the subject entered the cold room. In 
the cold room the subject was seated on a deck 
chair and remained quiet during the course of the 
experiment. After the subject had begun to shiver 
the metabolism mask was applied and the oxygen 
consumption recorded. 

With the onset of shivering the metabolic rate 
increased markedly. However, although shivering 
movements were inhibited by oxygen as previously 
noted the metabolic rate was not decreased. 
For example from a resting metabolism of 35 
Cal/mVhr. the metabolism rose 26% with the 
onset' of shivering. Then although under the in- 
fluence of high oxygen mixtures the shivering 
movements gradually decreased and finally dis- 
appeared completely for six minutes the metabo- 
lism increased another 14%. As shivering re- 
•appeared in spite of the high o.xygen concentration 
the metabolism was further increased 17%. 

It appears likely that a high oxygen concentra- 
tion under the described conditions changes the 
muscle activity pattern from a clonic to a tonic 
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typo. It is also Rvidcnt (luit itctcclal)lo sliivennK 
is not. cssontijil to tlifi niPtaliolic rate inorcase in 
response to cold. [Aided h;/ rjraiils front the 
Mvnsingwcar Fund of the Miniie.sotu ^frdicllt 
Fo\indalion.] 

Comparison of indirect and direct measurements 
of arterial pressure in dofis. K. II. L.^MHinrr (by 
invitation) and G. H. \V.\Kr.ui.tN . Dept, of Phjst- 
oingii, Unit', of Illinois, College, of Medicine, lllootl 
pressure readings by four indirect ‘'ctifT” methods 
utilirinp the fore or hind leg and anscnltntory or 
palpatory criteria rvere compared with detennina- 
tions by femoral Jirtery puncture in nnanc.s- 
thetired, trained dogs. Variations of the indirect 
methods, including the use of tliflcrcnl cuff sizes, 
were tried. 

The reliability of the indii'cct methods at differ- 
ent pressure levels was tested in four dogs with 
sectioned biilTcr nerves. In these dogs the blood 
pressure sliows wide fluctuations in a sliort period 
of lime. More than COO simultaneous comparisons 
of indirect and direct pressure readings were made 
over a range of 130 to 325 mm. Ilg systolic pressure. 
It was not possible with reasonable care to obtain 
consistently accurate determinations by the in- 
direct methods. Different methods using the hind 
leg gave readings in some dogs as much as 50 
mm. Hg above or below the femoral systolic pres- 
sure. In some instances an indirect method gave 
fair correspondence to direct readings at one 
pressure level, but not at others. Each dog and 
each indirect method presented an individual 
problem. 

In fifteen dogs (seven of which wore rendered 
renal hypertensive while under study) blood pres- 
sure was measured 2 to 3 times a week for periods 
up to IS months bj' one or more indirect methods 
and by arterial puncture. Although there was a 
fairlj' close parallelism between indirect and direct 
determinations in some animals, striking devia- 
tions occurred. Occasionally bizarre unaccount- 
able changes e.vtending over periods of weeks were 
obtained in indirect readings, although no change 
or even an opposite change in direct readings 
occurred. 

Failure to produce arterial hjTiertension by intra- 
cisternal injection of kaolin. E. H. Lambert (by 
invitation) and G. E. Wakeulin. Dept, of Physi- 
ology, XJniv. of Illinois, College of Medicine. We 
were unable to produce a significant elevation of 
arterial blood pressure by the intracisternal in- 
jection of kaolin in rats, rabbits and dogs, 
although the type, amount, mode of preparation 
and technique of injection of the kaolin were 
varied. The other effects observed, including 
changes in pulse rate, increased intracranial pres- 
sure and internal hydrocephalus have duplicated 
those described by previous investigators. The 
spinal cord has not been described previously. 


We ub.servcd in rabbif.s and dogs, 23 la 750 days 
after kaolin injection, marked cavitation'of tbn 
gray matter of the cervical spinal cord with nd- 
he.sive arachnoiilitis. Previous injection of kaolin 
ami cavitation of the spinal cord did not prevent 
dogs from developing sustained liyperlcnsion 
following renal artery nonstriction, or marked 
temporary clevuliona of lilood jnesHure following 
buffer nerve section. 

In the dog we have used puncture of the femornl 
artery to ineasuro blood prc.ssiirc, wliercas previous 
inve.stigalora liiivc, williout c.vception, used in- 
direct Cliff niefbods. .\n evtensivc study of the 
cbaracteristics of the indirect inctliods in the dog 
1ms siitiwn tlml the production of so-called kaolin 
hypertension by others probably depended on the 
use of these inetbods, which we frequently found 
to be unreliable. 

Foil ct al. (Proc. Snc. Exper. Biol, and Mod. 
•tG:G96, I9H) and Page (personal communic.ation) 
likewise failed simultaneously with us to jiroducc 
kaolin hypertension in dogs, using .arterial punc- 
ture to measure the blood pressure. Most probably 
kaolin hypcrtonsioii as a significant, persistent 
elevation of arterial blood jiressurc docs not c.xist 
or is c.xtrcmcly rare. 

Observations on the blood pressure of dogs fol- 
lowing buffer nerve section. E. 11. Lambert (by 
invitation) and G. E. Wakerm.v. Dept, of Physi- 
ology, Unit', of Illinois, College of Medicine. Four 
dogs were observed for 250 to -190 days after sec- 
tion of the carotid sinus and aortic nerves. Mean 
blood ])rcssuro was measured by femoral artery 
puncture in a quiet room. For two to three weeks 
after denervation there was an unstable elevation 
of blood pressure up to 210 mm. Hg. Thereafter, 
the blood pressure readied a range (120 to ISO mm. 
Hg) equal to or slightly above the preoperative 
level. However, the blood pressure remained mark- 
edly unstable, increasing as much as 150 mm. Hg in 
a few seconds with minor disturbances which 
caused apprehension or attention without actual 
struggling. Frequently, the pressure remained 
high during the first arterial puncture (3 to 5 
minutes), but fell during the second or third punc- 
ture. The pressure tended to remain high as a 
result of noise, a strange observer, or infrequent 
handling, especi.ally in high-spirited dogs. 

Because of the marked influence of slight dis- 
turbances on these dogs, we studied the effect 
of measuring the blood pressure in the animal 
quarters. In this noisy environment the readings 
were 30 to 100 mm. Hg above values obtained in 
the quiet room. A fifth dog was observed by 
another investigator to be hypertensive (220 mm. 
Hg) three months after denervation when meas- 
urements were made in the animal quarters. For 
one month thereafter we found that in a quiet 
room, although the initial pressures were 210, to 
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2S0 mm. Hg, the final pressures of the first to third 
arterial puncture were 110 to 155 mm. Hg. 

We believe that the difference of opinion as to 
the occurrence of a permanent hypertension in 
dogs after buffer nerve section can be explained 
b 3 '’ differences in the techniques of measuring 
blood pressure and/or in the conditions under 
which it is measured. 

The effect of temperature change on blood flow 
through the small intestine. Hampden Lawson. 
Depl. of Physiology, Univ. of Louisville School 
of Medicine, Louisville, Ky. Loops of ileum, 10-12 
cm. long, were prepared with long mesenteric 
pedicles in barbitalized dogs, for immersion in a 
small temperature-controlled bath containing 
0.9% NaCl solution. The volume flow of blood 
into the loop was measured by differential arterial 
manometry. Control observations were made with 
bath temperature at 37-3S°C. 

The immediate effects of temperature change 
were the reverse of those usually reported for 
other organs. An increase in flow, as much as 100% 
above the control rate, was obtained when bath 
temperature was reduced 10°, while 25-40% de- 
creases were obseiwed when temperature was 
raised 4°. These effects reached a maximum within 
5-10 minutes and slowli' subsided, flow through 
the chilled loop finallj’’ reaching a level below, and 
through the warmed loop above the control rate. 
The total duration of the anomalous response was 
10 to 20 minutes. These responses were obtained 
with temperature changes as small as 1°, at rates 
of ehange as low as 2°/min. The responses were 
unaffected by section of the mesenteric nerves, 
and cocainization of the loops. They were ob- 
tained equally well on application of heat or cold 
to the mucosa alone. 

Immediate increases in flow were obtained at 
temperatures above 42°, which persisted for 30 
minutes or longer after return to control tem- 
perature. During this period .anomalous responses 
were not obtained. 

Spreading depression of electrical activity in the 
cerebral cortex. A. A. P. Leao (introduced by 
Hallowell Davis). Harvard Medical School, Bos- 
ton, Mass. Electric.al or mechanical stimulation of 
the rabbit’s cerebral cortex (dial), below threshold 
for electrical after discharge, markedly depresses 
the spontaneous electrical activity. The depres- 
sion successive!}' affects adjacent areas and within 
3 to 5 minutes involves all of the dorso-lateral cor- 
tex except area RsgjS of Rose. Recovery of the 
initial pattern of spontaneous activity requires 5 
to 10 minutes at each region. With weak stimula- 
tion depression at any region runs the same course 
regardless of the region stimulated. The wave of 
depression is most easily initiated in the frontal 
regions. Only with supraininimal stimulation does 
the depression spread to the opposite hemisphere, 


then appearing first in the region symmetrical to 
the point of stimulation and thence spreading as 
in the stimulated hemisphere. During depression 
the cortical electrical responses to touch, illumina- 
tion of the retina, electrical stimulation of sensory 
nerves or of the same or the opposite hemisphere, 
and local applications of strychnine or of eserine 
plus acetylcholine are all reduced. Shocks applied 
to a depressed region failto elicit typical responses 
in the opposite non-djjpressed hemisi)here. During 
depression of the spontaneous electrical activity, 
specific, large, slow, localized waves often appear. 
One electrode becomes usually negative with re- 
spect to others 1 to 3 mm. distant. Fast compo- 
nents may also appear, and the activity when in- 
tense closely resembles the “seizure pattern” of 
experimental epilepsy. A wave of marked arterial 
dilatation and increased blood flow in the pial 
veins travels over the hemisphere simultaneously 
with the wave of depression of electrical activity. 

The successful treatment of so-called “irreversi- 
ble” shock by whole blood supplemented with 
sodium bicarbonate and glucose. R. Levine, B. 
Huddleston (by invitation), H. Persky (by 
invitation) and S. Soskin. A series of 64 unanes- 
thetized dogs was brought to the “irreversible” 
stage of shock by repeated bleeding, which was 
done in amounts and at intervals such as to repro- 
duce a more or less standard pattern for all. This 
pattern was the rapid reduction of the blood pres- 
sure to 50 mms. Hg. or less, and a slower decline 
over to 2 hours to the lowest pressures com- 
patible with life. Therapy was withheld until the 
plasma CO 2 capacity fell to 15 vols. per cent or less. 

I 

Results: 


No. of 
dogs 

Lowest 

B.P.* 

(mm. 

Hg) 

Lowest 

CO: 

capac- 

ity 

(vols. 

%) 

Tlierapyt 

Dose of 
supple- 
ment 
(gm./ 
kg.) 

Sur- 

vival 

(per 

cent) 

s 

28 

18. G 

None 



0.0 

s 

27 

14.9 

W.B. 

_ 

25.0 

8 

29 

13.0 

W.B. Glucose 

0.38 

37.5 

s 

29 

15.9 

W.B. -1- NaHCO, 

0.43 

50.0 

s 

31 

13.5 

W.B. -f NaSuco. 

0.42 

50.0 

s 

29 

11.7 

W.B. + NaLact. 

0.58 

75.0 

IG 

24 

15.8 

W.B. + NaHCO, 

as 

G2.5 




H- Glucose 

above 



• Average for group, 
t \V,B. = whole blood. 


Conclusions: 1. Acidosis, while .not tlie cause 
of shock, is an important factor in determining 
the reversibility of far-advanced shock. 

2. A large proportion of dogs ordinarily con- 
sidered to be in “irreversible” shock will survive 
if treated with whole blood supplemented by 
NallCOa and glucose. [The xvork described in this 
paper was done under a contract recommended by 
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Ihr ('ommilkc tm Mnlinil Hrsi'oirh, hctwecn the 
Ojliicr of Sckolifir ttefcarcli fiiitl ])cvelo))im'iil unit 
tho Mirlincl liceur tloHpilnU Chicnpo, Jllinoix (ttc- 
Kpoii.iihlc Im'csiignlor, t^iniiufl Sonkiu).] 

A new slnndardiJicii melliod lo produce shock and 
assay plasma sulistUiilcs. is, O. Luvin'son (l\v in- 
vitation), M.\utha .I.vxota (liy invitation), F. 
Auimoto 0>y invitation) and 11, X V.vnni.Ks, 
The Samuel Deulucli Scrum Center anil The 
Dept, of Gastro-Intenlinnl Hreciireli if Michiui 
Rceio' Hoapitnl, Cliieogo. .\ iiniforni inetliod for 
the evaluation and rompari.smi of hlood .siili.sti- 
tntes is needed badly. The followiii)' technic is 
proposed to overcome this need. Unanesllietized 
doy.s are bled 23, 21, 10. 17 and IS'^f of their ileter- 
mined hlood volumes at hourly intervals. At the 
half-hour interval following each liemorrhaRO a 
volume of plasma substitute equal to the volume of 
plasma removcil is infused, followed by the ani- 
mal’s jiackcd rod cells. Ten % additional bleediiiK 
i.s withheld for determinations. The reinfusioti of 
the red cells forestalls dcvclojimcnl of anemic 
anoxia. 

Hlood pressure is recorded. COj content, is de- 
termined 3 hour after each hemorrhage and each 
infusion. Resist.ance to hemorrhage, clinical con- 
dition and probable survival is found to he o.\- 
pressed by a value obtained by multi|)lying the 
systolic blood pressure by the t’O- content meas- 
ured s hour after the first hemorrhage, before rein- 
fusion. We have called this "The Factor of Prob- 
able Survival.” The efficacy of a blood substitute 
can be determined in animals with a factor be- 
tween 1700-2000, which wo have found to be a 
critical range. The above method lias been em- 
ployed in over SO dogs and by applying the “Factor 
of Probable Survival” we can group the nninials 
according to their biologic variations, thus permit- 
ting for a comparison of dilTerciit plasma substi- 
tutes. The return of the red cells eliminates the 
factor of oligo-erythremic anoxia and provides a 
more strict method for the assay of substances de- 
signed to replace plasma rather than whole blood. 

The effect ofbile salts on fatty liver production in 
dogs. Tsax-wex Li (by invitation) and ,S.mitii 
Fkeeman, Dept, of Physiology, Xorlhxccslern 
Vniv. Medical School, Chicago, 111. Protein-defi- 
cient fiigh-fat diets with or without a cholesterol 
supplement cause fatty livers in dogs, but the 
degree of infiltration varies greatly. This may be 
due to poor fat absorption caused by an in.ade- 
quate flow of bile into tlic intestine. 

2.3 dogs were included in the present study, 10 
were fed a protein-deficient high-fat (33 per cent) 
diet and 13 were fetl the same diet plus cholesterol 
(0.1 gm./lb. body' weight). 3 dogs from each group 
received 2.S gm. desiccated ox-bile salts (Wilson) 
daily with their food. 

The decrease in dye clearance and elevation of 


serum ))ho.sphatasc were not much influenced by 
flic added bile salt.M, nor was the degree of lipomia. 

■Ml nnimahs were saeiificed when moribund. The 
fat content of (he fre.sli wet livens were as follows 
(average ligiirc.s in parcnthe.siH): 
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(lo.l) 
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! 10 

1.0-t3.0 (20.3) 

0.69,3.50 (1.60) 

i(li liito «{iU 

i ^ 

2S.0. 20.3. 35.4 

12.41, 1.35, 1.52 

1 

1 

f 

(31.21 

! (1.70) 


The.se data .suggest (hat flic percentage of fat in 
the liver is more uniformly high in those animals 
fe<l bile salts. lack of bile salt formation may 
explain the small amount of fatty infiltration ob- 
served in some animals fed a protein-deficient 
bigli-fal diet. 

The effect of chronic hyperbilirubinemia upon (he 
dye clearance and scrum phosphatase of normal 
dogs. TVax-wex I,i (by invitation), F. E. S.VAPr 
(by invitation), \'. II. Houoii (by invitation) and 
.•V. ('. Ivy. Dept, of Physiology, Northwestern Univ. 
Medical .School, Chicago, III. A plasma bilirubin 
eoncontration of U-IS mg. per cent was obtained 
in f) dogs by 5 intravenous injections each consist- 
ing of 50 mg. bilirubin (Searle) in SO cc. of dog 
plasma in -1-0 hours. The decline of bilirubinemia 
was rapid the first day, less so the second and third 
days, and its disappearance from the circulation 
was still incomplete 10-12 days after injection. 
Hose Bengal clearance decreased to 27-65 per cent 
(avc. -IS per cent ) of normal bj' the morning follow- 
ing the injection, at which time the plasma bili- 
rubin was i).3-5,S mg. per cent (avo. 7.3 mg. per 
cent). All animals, e.xcept one, regained the normal 
rate of dye clearance by the Stb day. The serum 
phospliatasc remained unchanged throughout the 
e.xperiment. 

A chronic hyperbilirubinemia (ave. about 6 mg. 
per cent) was maintained in 3 dogs for 4 weeks bj' 
repeated injections. The dye clearance decreased 
to an average of 55 per cent of normal. In a few 
instances, a slight elevation of serum pliosphatase 
(7-S Bodansky units) occurred but did not persist. 

The injection of similar volumes of plasma alone 
produced only a very slight depression in dye 
clearance and slight elevation of serum phos- 
phatase. 

The animals with hyperbilirubinemia remained 
in good health and nutrition. 

The experiments indicate that hyperbilirubine- 
mia reduces the dye clearance by liver. The lack of 



30 


FEDERATION PROCEEDINGS 


anj' correlation between the reduced excretory 
capacit}- of the liver and the serum phosphatase is 
further evidence favoring the view that serum 
phosphatase is not excreted by the liver. 

The effect of dietary protein on the susceptibility 
of dogs to benzene poisoning. Tsan-wen Li (by 
invitation), V. H. Hough (by invitation) and 
Smith Fheeman. Dept, of Physiology, North- 
western Univ. Medical School, Chicago, III. Four- 
teen dogs have been exposed for 40 hours per week 
to the vapors of commercial benzene at a concen- 
tration of 600 p.p.m. by volume. Diets of known 
eomposition were fed in which the fat or jirotein 
content was varied. The four diets fed were: (1) 
High protein (2 gms./lb. body wt.)-High fat (33 
per cent) ; (2) High protein-Low fat (15 per cent) ; 

(3) Low protein (1 gm./lb. body wt.)-High fat; 

(4) Low protein-Low fat. The criteria used to 
determine the susceptibility of the dogs to benzene 
fumes were: survival time, degree of leucopenia, 
percentage conjugation of urine sulphates, liver 
function (Rose Bengal Dye Clearance), red blood 
eell and platelets counts. The results indicate that 
animals receiving the low protein diet are much 
more susceptible to benzene fumes than are ani- 
mals on a high protein diet. No definite conclusion 
has been drawn as to effect of dietary fat on sus- 
ceptibility to benzene. The changes observed in 
exposed animals on the low protein diet occurred 
with a rapidity and severity which control studies 
prove could not be attributed to the diet alone. 
Seven animals receiving the low protein diet have 
succumbed to the benzene fumes after an average 
exposure of 14 weeks. Two low protein animals 
are alive at the present time after 23 and 11 weeks 
of e.xposure respectively. Two of the high protein 
animals have died, one survived 50 weeks, the 
other 43 weeks; while two animals on this diet arc 
still alive after 52 and 23 weeks of exposure respec- 
tivelj\ [This sttidy was assisted by a grant from the 
Vclsicol Corporation.] 

Effect of heparin on growth of lupinus albus. 
D.wid I. Macht. Pharmacological Research Lab., 
Hynso7i, Wcstcott & Dnnning, Inc., Baltimore, Md. 
The effect of various concentrations of heparin was 
studied on root growth of Lvpinus alb7is seedlings, 
large variety. Control seedlings were grown in 
Shive plant-physiological solution according to 
the author’s technique (described elsewhere) in 
the dark at 20'’C. Other seedlings from the same 
crop and under exactly the same ecological condi- 
tions were grown in heparin solutions ranging from 
1:5,000 to 1:100,000 in concentration. Results of 
numerous experiments with each concentration 
revealed a peculiar growth curve. Certain concen- 
trations of heparin stimulated root growth while 
others definitely inhibited it. Thus, concentrations 
of 1:20,000, 1:50,000, 1:80,000 and 1:100,000, re- 
spectively gave lOS, 120, 110 and 110 per cent as 


indices of growth. On the other hand, concentra- 
tions of 1:30,000 and 1:70,000 gave a phytotoxic 
index of 70 and of 75 per cent, respectively. This 
phytopharmaeological phenomenon ivas obtained 
with all makes of heparin examined. On the other 
hand, e.xperiments with sodium salt of, polyane- 
thole sulphuric acid, a synthetic homologue of 
heparin, revealed no such growth-stimulating ac- , 
tion but inhibited growth in all the concentrations 
examined. 

Influence of sulfanilamide and para-amino ben- 
zoic acid on frogs’ eggs and larvae. David I. 
Macht. Pharmacological Research Lab., Hynson, 
Wcstcott, & Dunning, Inc., Baltimore, Md. Fer- 
tilized eggs of Rana sylvatica were placed in solu- 
tions of various concentrations of sulfanilamide 
and para-amino benzoic acid to ascertain their 
effect on the development and growth of tadpoles. 
In solutions ranging from 1:5,000 to 1:2,000 sulf- 
anilamide was not very poisonous for frogs’ eggs 
but para-amino benzoic acid, or Paba, killed them. 
Combinations of sulfanilamide and Paba acted 
synergistically, i.e., exerted more toxicity than 
could be explained by adding their respective 
effects. Tadpoles from 3 to 21 days old were also 
not much affected by sulfanilamide. Thus, con- 
centrations of 1:1,000 of sulfanilamide were not 
fatal. On the other hand, a solution of Paba, 
1:1,000, produced death. The toxicity of Paba was 
due not to its pH but to an intrinsic effect of the 
molecule. Combinations of the two drugs also 
e.xerted a synergistic action on tadpoles from 2 to 4 
days old. On larger tadpoles, 3 weeks old, the 
synergistic action was not so pronounced. 

The toxicity of duponal for living tissues. David 
I. Macht. Pharmacological Research Lab., Hyn- 
son, Wcstcott (fc Dunning, Inc., Baltimore, Md. An 
inquiry was made into the effects of “Duponal” 
(sodium lauryl sulphate) on rabbits, guinea pigs, 
rats and mice. Subcutaneous and intramuscular 
injections of 0.1 per cent solutions in water and 
saline destroyed the tissues injected. Even 1 c.c. of 
a 0.01 per cent solution produced definite necrotic 
changes at site of injection. Applications to the 
surface of the skin and mucous membranes were' 
not veiy irritating. However, instillation into the 
conjunctival sac of cats and rabbits produced irri- 
tation and reddening. Intraperitoneal injections 
of a 0.01 per cent solution in mice were fatal. 
Intravenous injection of as much as 5 c.c. of a 0.1 
per cent solution was not dangerous but produced 
a fall in blood pressure and depression of the 
respiration. 

Toxicity of cobra neurotoxin for previously treated 
mice. David I. Macht. Pharmacological Research 
Lab., Hynson, Wcstcott cfc Dunning, Inc., Balti- 
more, Md. The solution of cobra venom (H. W. & 
D.) employed consisted almost entirely of cobra 
neurotoxin, m.l.d.ce. Six series of mice were rc- 
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])i'!)tpdl}' stiulifiil. Till- peril’s, iniiile. up nf con- 
trols. pave m.l.d.tj. A .seeoinl series of mice was 
injected with snbletha! doses of dipilalis tinctun’ 
after ev.apor.atinp the nleoliol and replacins its 
volume with pliysiolopical saline. .\ week or more 
after recovery from tlie dipitalis poi.soniiip. the 
mice were injected with the nenrotoxin .solution. 
In this series the cohra venom produced less mor- 
tality than it did in the control mice. .V third serie.s 
of mice was poisoned with llpf’lj in saline (0.01 c.e. 
per pram weipht), a dose jiroducinp many deaths. 
The survivinp animals, e.xhihitinp definite ne- 
phritic histolopicat chanpes, wore injected with 
cohra venom a week or two later. There was no 
increase in mortality nf thc.se mice due to kidney 
injury as compared with the controls. The fourth 
.series of mice recovei'cd from injections of sulfanil- 
amide, 5 c.c. of 0.5 per cent, solution and of ponto- 
sil, 1 per cent. Suhsenuent injections of cOhra 
venom did not increase mortality rale of the fourth 
scries. Sublcthal doses of cobra venom were in- 
jected in mice of the fifth .seric.s. Subsequent injec- 
tion of standardir.cd cobra venom greatly in- 
creased the mortality rate. In the sixth scries of 
mice studies wore made on the relation of cobra 
venom to thiamin. Mice raised on a tldamin- 
deficient diet succumbed to cobra venom more 
quickly than the controls. On the other hand, in- 
jections of 1 to 2 mg. of thiamin for three succes- 
sive days reduced mortality as much as 50 percent. 
The results of the experiments described above, 
indicate that cobra nenrotoxin does not injure 
cither heart or kidney but is a specific neurological 
poison. 

The effect of anoxia on fat absorption in rats. 
P. L. MacL.\chl.\x and C. Woodrow Tii.ickbr 
(introduced by E. ,1. Van Licrc). .Albino rats of 
both sexes, weighing about 200 gm. each, were 
fasted 48 hours and given 1.5 cc. of eorn oil (1.3S5 
±0.01 gm.) by stomach tube under light ether 
anaesthesia. After fully recovering consciousnc.ss 
(1-2 minutes) the experimental rats were subjected 
to a reduced pressure of 254 mm. of Hg. (equiva- 
lent to an o.xygen tension of 7.03 per cent) in a 
specially constructed steel respiratory chamber. 
Contr 9 ls were kept at atmospheric pressure. Four 
hours after feeding, the amount of unabsorbed fat 
in the stomach, small intestine and caecum was 
quantitatively determined and the value obtained 
used to calculate the percentage absorption, cor- 
rection being made for the fat present in the fasted 
gut. 

The average amount of fat absorbed (31.8 per 
cent) by ten rats subjected to low o.xygen tension 
was significantly less than that absorbed (57.1 per 
cent) by ten control rats; the P value (Fisher) was 
less than 0.001. 

Experiments are in progress to determine the 
threshold of fat absorption by subjecting i-ats to 


various oxygen tensions, It is also planned to 
determine the effect on fat absorption of pressures 
lower than 251 mm. of llg. 

The negative intrapleural pressure; “Carl before 
the hor.se." X. H. Euktu.u M.xi.uk. School of 
Mcitirinr, Ccorgcioivn Unit'., WoHhinuloii, D. C., 
anti Uarcartl Mc/llral School. Standard physiologi- 
cal text-books stale that the negative intrapleural 
pre.sstire determines pulmonary expansion. Wo 
pre.sent models and aelnai oxinuimcnts on live ani- 
mals showing that the negative intrapleural pres- 
sure does not determine pulmonary expansion 
e.xcepl in pnenmolhorax. 'I'he negative intrapleu- 
ral pre.ssure is merely the rc.tiill of tlie retnictilo 
tension of the lungs. 

The factor which maintains the nndiminiBhcd 
expansion of an el.astie bag surrounded by liquid 
without a free siirfaeo is the tensile strength of the 
liquid. Tlie bag surrounded by air will yield some- 
what when it produces a negative [iressure about 
itself by its rot rae tile force; the bag surrounded by 
liquid without a free .surface will not yield lit all. 
Evacuating the lungs of an animal will not cmise 
any pulmonary eollaiiso, unless the lungs arc torn. 
The same apjdies when a vacuum is simultaneously 
produced both inside of the lungs and external to 
the chest (Roth’s experiment). The lungs arc held 
to the thorax, inchiding the diaphragm, by a liquid 
with a high tensile strength. Wc described a model 
which demonstrates juilmonary mechanics with 
the above physical facts considered. 

Brancr and Roth and others who liavc gone to 
the other extreme by denying the c.xistencc of a 
negative intrapleural pressure on the basis of the 
high tensile strength of water, confused two dif- 
ferent phenomena; (I) tensile strength, which is 
relatively constant and merely states the strain 
at rupture when no free surface is present, and (2) 
the forces which cause fluids to flow — Iiydrostatio 
and atmospheric pressure. 

The absence of pleural clefts in certain mammals: 
a theory of its mechanical significance. X. S. 
Ru.stc.w Mamjf. Harvard Medical School. It has 
been known for long that elephants, whales, and 
dolphins have no pleural clefts. Dense connective 
tissue uuitos the visceral and parietal pleurae. 

I submit the following statements for mammals 
with obliterated pleural clefts; (1) Gliding (shear- 
ing) movements of the lungs against the thorax, 
which occur in other mammals but are of course 
impossible in these, are no longer necessary be- 
cause x’cntilation of the pulmonary apices is no 
longer a problem and the diaphragmatic surface 
of the lungs is greatly preponderant. (2) The parie- 
tal and visceral pleurae can therefore afford to be 
united by actual tissue; it becomes no more necos- 
sarj' to run the imminent risk of pneumothorax 
whenever the lungs arc torn. (3) The sudden great 
changes in volume which the lungs of these mammals 
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undergo probably ivould not ollicinvisc he possible 
beeause of the danger of pneumothorax resxdting 
from pulmonary rupture. In the whales and dol- 
phins, brisk rises to the surface must produce sud- 
den pulmonary distension because their thoracic 
cage is incomplete and thus relatively plastic to 
changes in hydrostatic pressure. When drinking, 
elephants inhale several liters of water through 
their long narrow trunk and then exhale it into 
their mouth under considerable pressure; the 
whole process takes only a few seconds and in- 
volves sudden large changes in pulmonary volume 
with steep fluctuations in intrapulmonary 
pressure. 

Incidentally, these animals can have no negative 
intrapleural pressure because the retractile ten- 
sion of their lungs is exerted directly on the thorax 
and diaphragm and not on an intrapleural fluid. 

Studies on the detoxification of barbiturates. G. 
Masson and E. Beland (introduced by II. Selye). 
Dept, of Anatomy, McGill Univ., Montreal, Can- 
ada. In order to establish the site of detoxification 
of barbiturates in the body, we determined the 
duration of anesthesia produced by various bar- 
biturates in intact, completely nephroctomized or 
partially hepatectomized (75% of the liver re- 
moved) rats under identical conditions. Since in 
the absence of detoxifying tissue the activity of 
these anesthetics is prolonged, it was possible thus 
to estimate what proportion of each of these com- 
pounds is detoxified by hepatic, renal and other 
tissues of the body. From the data obtained with 
twenty-five compounds, barbiturates can be classi- 
fied into four groups. Group I: Those mainly de- 
toxified in the kidney (e.g. barbital). Group II: 
Those mainlj' detoxified in tlie liver (e.g. ipral, 
amytal, nembutal, octal, phenobarbital, alurate, 
nostal, seconal, allyl-pental, cvipal, thioethamyl, 
sec. hexyl-ethyl, 1-mcthyl-allyl-isobutyl, 1-meth- 
yl-propylcrotyl and n-allyl-l-methyl-butyl-ethyl 
barbiturates. Group III: Those approximately 
equallj’- detoxified in the liver and kidney (e.g., 
neonal, delvinal, phanodorn, dial). Group IV: 
Those possibly detoxified in other tissues of the 
body, but not to any great extent in liver or kidney 
(pentothal, 1-mcthyl-allyl-propyl and 1-methyl- 
allyl-allyl thiobarbiturates) . 

The effect on metabolism of iodination of protein 
under conditions compatible with life. J. F. Mc- 
Clendon and Wm. C. Foster (by invitation). 
licsearch Lab. of Physiology, Hahnemann Medi- 
cal College, Phila. Since Bliakher and Belkin as 
well as Uhlenhuth and Winter showed that a crys- 
tal of iodine implanted in a hj^pophysectomized 
axolotl would cause it to metamorphose, and since 
the axolotl might contain thyroglobulin of low 
metabolic activity capable of being increased by 
iodination, iodination of thyroglobulin under con- 
ditions compatible with life was studied. Rats of 


about 170 grams in weight were selected and found 
to have a basal metabolic rate (B.M.R.) averaging 
30 calories per square meter of body surface per hr. 
under light delvinal anesthesia. One rat was fed 
half a gram of dry thyroglobulin from a goiter and 
its B.M.R. on the 2nd, 5th and 7th day found to 
average 41.17 caloiles per square meter per hour. 

Another portion of this thyroglobulin was dis- 
solved in bicarbonate-containing, physiological 
salt solution and stirred with iodine crystals for 
20 hours at body temperature, then freed from 
inorganic impurities and dried. One half gram was 
fed to a similar rat and the B.M.R. on the 2nd, 
4th and 7th day was found to average 44.2 calories 
per square meter per hour. The increase of more 
than 3 calories was evidently due to the iodination 
of the protein under conditions similar to those 
surrounding the crystal implanted in the axolotl. 
Such a process maj’’ have accounted for the meta- 
morphosis. 

Rate of absorption of acetate by the gut and trans- 
formation in the liver. J. F. McClendon and 
John Scott. Research Lab. of Physiology, Hahne- 
mann Medical College, Phila. .Absorption of ace- 
tate increases the volatile fatty acid (VF.A) in the 
blood, which is expressed in terms of cc. of 0.01 N 
C02-freo NaOH neutralizing the COj-free distil- 
late of 100 cc. of blood by the method of McClen- 
don (Federation Proceedings 2: 66, 1943). .After 
injection of 100 cc. 0.2 N sodium acetate into the 
duodenum, the VFA in the portal vein rose in 4 
minutes (from a basal level of 3) to 21. At the 12th. 
minute it was 13 and 16th. minute 11. It dropped 
by the 50th. minute to 4 and remained constant 
until by the 120th. minute, then dropped by the 
160th. minute to the basal level of 3 (when it was 
the same in the hepatic and iliac veins). The VF.A 
in the iliac artery rose (from a basal level of 3) by 
the 13th. minute to 4 and remained constant until 
the 24th. minute then dropped by the 56th. minute 
to 3. The VFA in the iliac vein remained constant 
at 3 for the entire period. 

When 50 cc. of 0.2 N acetate was injected into 
the right iliac vein the VF.A rose in the left iliac 
vein within 1 minute to 24, then returned within 
10 minutes to the basal level of 3. 

When 2 liters of 0.2 N acetate was injected into 
the right iliac vein continuouslj' at the rate of 4 cc. 
per minute the VF.A in the left iliac vein increased 
to 4, at 7 cc. per minute the VFA was 7, at 8 cc. imr 
minute the VFA was 9 and at 14 cc. per minute the 
VFA was 38 and there was a marked increase in the 
amplitude of the rhythmic contractions of the 
duodenum as registered by the balloon method. 

Since the acetate was trapped by the liver, this 
is in accord with the belief that it is metabolized 
although not transformed into glucose. 

A simplified test for the presence of necrosin in 
various body fluids. Valy Menki.n. Fearing 
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Research Lab., Free Hosinlal for Women, lirook- 
Unc, ;Uoss. K:\rliGr studies by the writer Imve indi- 
cated that severely injured cells rclonso into 
inllammatory exudates n substance caiwble of nc- 
conntinp for the basic pattern of injury in inflain- 
ination (Arch. Path. 30:209, 101.3). This substance, 
which is associated with the eutrlobulin fraction 
of exudates, seems to be an atypical cuRlobidin, 
i.c., if it proves to bo acURlobulin at all. For in- 
stance, in contrast to typical euglobulins, this 
substance, termed necrosin, fails to be dissolved 
by the presence of Xa Cl. Xecrosin has been shown 
to induce fever and as such it seems to bo the only 
fraction of exudates capable of inducing this type 
of reaction (Proc. Soc. Kxper. Hiol. and Med. .'>4: 
IS4, 1943). This observation may throw further 
light on the exact mechanism of fever formation 
with inflammatory processes. Further studies indi- 
cate that not only the dog develops an elevation in 
temperature by the intravascular injection of 
necrosin, but that the rabbit is likewise cxtrcmclj’ 
sensitive in developing fever upon the intravenous 
injection of necrosin. The temperature may be- 
come elevated from one to several degrees Fahren- 
heit within a very few hours following the intro- 
duction of the substance. This pyrogenic reaction 
in the rabbit seems to be so specific as to render it 
conceivable that this animat may be well used for 
the testing of necrosin in various body fluids. (iSnp- 
porlcd by a grant from the Johnson & Johnson Re- 
search Foundation, A'ctr Brunstrick, Xcw Jersey; 
and also by a grant from the Dazian Foundation 
for Medical Research.] 

FfTects of bilateral, simultaneous ablation of area 
4, area 6 and areas 4 and 6 from the simian cerebral 
corte.v. Fred A. Mettler. Dept, of Neurology, 
College of Physieians and Surgeons, Columbia 
Uniir. Bilater.al reniov.al of area 4 immediately 
produces marked sensitivity to labyrinthine and 
proprioceptive righting reflexes and resistance to 
passive movements which oppose these refie.xes. 
While the sensitivity diminishes and the animal 
learns to walk, the legs continue to bo somewhat 
internally rotated and adducted and the toes ex- 
tended and abducted. Extensor movements con- 
tinue to bo e.xaggeratcd. Alastication, fine digital 
and extreme degrees of large muscle movement 
are acutelj' abolished and chronically impaired. 
Plantar response becomes difficult to elicit, thresh- 
old of patellar reflex is raised, response is brisk and 
reflexogenous zone is restricted. X’one of these phe- 
nomena are related to damage of area 6 and such 
damage does not produce, either primarily 
or secondarily, any resistance, or increase in 
resistance, to passive movement. A phase I 
grasp reflex can be reliably elicited after bilateral 
6 removal and a phase I response is also seen 
after bilateral, simultaneous removal of 4 and 
6. Bilateral 6 removal produces pronounced but 


temporary manual apraxia, spontaneous ambula- 
tors' overactivity (bilalcral removal of Walker's 
area 13 cortex without other damage has no effect 
upon the kinetic stale), irregular plantar re- 
sponses, slight rise in patellar reflex threshold and 
spreading of this reflex. Stifrnc.ss after area 4 
removal is result of remov.al of 48 (which lies in 
area 4, not between it and 0) and has nothing to do 
with area 0. Komoval of caudal parts of area 4 
abolishes primate manual feeding pattern but 
hands are not paralysed !ind are used in infra- 
primate patterns. 

Effect of parathyroid removal on the .scrum cal- 
cium and inorganic phosphorus of ncphrcctomizcd 
dogs. E. P. Mo.vaiian (by invitation) and Smith 
Fubemax. Dept, of Physiology, Norlhmcstcrti Unit). 
Medical School, Chicago, III. It lias been projiDScd 
that the iiaralhyroid gl.and affects the level of 
scrum calcium by virtue of its effect on the excre- 
tion of phosphorus by the kidney. 

Fifteen large (20 kilo.), adult dogs were bilat- 
erally ncpbrectomizcd. Eight of the animals had a 
tola! tliyro]iarathyroidcctomy at the time of ne- 
phrectomy. Studies were made of the serum cal- 
cium, scrum inorganic phosphate, alkaline serum 
phosphatase, and the non-protein nitrogen. Deter- 
minations were made immediately prior to opera- 
tion, 12 hours following, and at 24 hour intervals 
thereafter. 

The average survival time of the animals under- 
going parathyroidectomy was 74 hours, while 
average survival of the animals h.aving only the 
kidneys removed was 95 hours. 

The serum calcium values of the nephrcctomized 
dogs remained within nornml limits (11.0-10.2 
mgs. per cent), while the serum calcium of the 
thyroparathyroidectomized group was depressed 
from an average control value of 11.3 mgs. per cent 
to an average value of 5.9 mgs. per cent in an 
interval of 72 hours. 

The serum inorganic phosphate of both groups 
of animals was greatly elevated. For the nejihrcc- 
tomized group the average value in 72 hours was 
25.6 mgs. per cent, an increase of 21 mgs. per cent. 
The animals with nephrectomy and thyropara- 
thyroidectomy averaged 17.1 mgs. Jier cent within 
the same period, an increase of 13.3 mgs. per cent. 

The marked dilTerencc in the behavior of the 
serum calcium in the two groups of animals, in 
spite of a similar elevation of the serum inorganic 
phosphorus, indicates that the parathyroid gland 
exerts a direct effect in maintaining the serum c.al- 
cium level, which is not dependent upon kidney 
function. 

Electrical conductivity in plasmodium as affected 
by comminution and heat death. A. R. Moore 
and P. Van Ryssemerghe (by invitation). Depis. 
of Psychology and Chemistry of the Univ. of Oregon, 
Etigene. Plasmodium polycephalum grown on 
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Cohen’s medium supplied the living substance 
which, was collected from the sides of the culture 
vessels. The material was put into a glass cell 
provided with movable needle platinum electrodes 
placed vertically 11 mm. apart. After the sub- 
stance (8 cc.) was packed in place, the electrodes 
w'ere plunged in and secured. Cell constant = 
0.565. Readings were made with the vessel in an oil 
bath at 25°C. In series 1 the culture medium was 
made up with tap water, in series 2 with dilute 
Ringer = approximately M/32 NaCl. Conductance 
was determined for 3 conditions of the plasmo- 
dium; gently pressed into the cell, comminuted by 
forcing through silk gauze of pore size 0.2 mm., 
killed by heating in boiling water for a few 
minutes. 


Specific conductance of Plasmodium 



Culture 

medium 

Normal 

Commi- 

nuted 

Heat killed 

Scries 1 

0.0007G7 

0.001738 

0.002224 

0.002404 

Scries 2 

0.003580 

0.002037 

0.003025 

0.003215 


The results consistently show an increase of con- 
ductance on comminution, still further with heat 
death. This suggests that formed elements are 
responsible for maintaining some of the electrical 
resistance. Comminution to 0.2 mm. partially de- 
stroys this resistance and heat death carries the 
process farther. An increase in the conductance of 
the medium results in an increase in that of the 
plasmodium grown on it. 

The effect of certain vitamins experimental in 
renal hypertension. W. G. Moss (by invitation) 
and G. E. Wakermn. Dept, of Physiology, Univ. 
of Illinois College of Medicine. Unquestionably the 
hypertensive effect of the Goldblatt kidney in 
experimental renal hypertension involves some 
change in the metabolism of the renal cells. Vita- 
mins arc well-known to constitute part of cellular 
enzyme systems or otherwise to influence cellular 
metabolism. Consequently we studied the effect 
of certain vitamins by mouth in experimental 
renal hypertension. Moreover therapeutic effects 
in essential hypertension have been claimed for 
certain vitamins (A, B complex and C). 

Three hy^pertensive dogs treated with one lot 
of a particular vitamin A concentrate (200,000 
units per daj' for three months followed by 400,000 
units per day for an additional three months) 
showed striking reductions in blood pressures. 
These reductions were later shown to have been 
due to some component of the preparation other 
than vitamin A since three other lots of the same 
vitamin A concentrate were without antihyper- 
tensive effect in four hypertensive dogs. We are 
now studying various fish liver oil and fish oil 
fractions in an effort to obtain this orally effec- 
tive antihypertensivc substance. 


One dog treated with a vitamin B complex con- 
centrate (containing thiamin 0.15 mgm., ribo- 
flavin .01 mgm., pyridoxine 0.15 mgm., nicotinic 
acid 2 mgm., and pantothenic acid 0.4 mgm. per 
cc.) in a dose of 8 cc. per day for six weeks followed 
by 12 cc. per day for an additional four weeks 
showed no reduction in blood pressure. One dog 
treated with ascorbic acid in a dose of 1 gm. per 
day for a period of four months showed no change 
in blood pressure. One dog treated wdth vitamin E 
in a daily dose of 100 mgm. of mixed tocopherols 
(equal inactivity to 60 mgm. of alpha-tocopherol) 
for five months showed no reduction in blood 
pressure. {Aided by a grant from the Winthrop 
Chemical Company.] 

Repeated exposure to simulated high altitude: 
estrus cycles and fertility of the white rat. Dorothy 
Nelson and M. W. Burrill (introduced by^ A. C. 
Ivy). Dept, of Physiology, Northwestern Univ. 
Medical School, Chicago, III. Ten young adult 
females with normal cycles (established by daily 
vaginal smears for 23 days) were exposed in a low 
pressure chamber to a simulated altitude of 18,000 
feet, 1 hour daily for varying lengths of time (2-5 
months). Daily smearings during the exposure 
period showed only the slight irregularities in 
the duration of the various phases of the cycle 
generally found in normal animals. There w'as no 
tendency, even in the rats exposed for 5 months 
tow'ard prolonged estrus or anestrus. Eight of the 
10 females became pregnant after exposure was 
discontinued. The two which did not become preg- 
nant had been exposed for four months. However 
3 others exposed for a longer time (5 months) did 
become pregnant, so it is concluded that repeated 
exposure to anoxia, to the degree used in these 
e.xperiments, does not interfere wdth the reproduc- 
tive physiology of the .w^hite rat and does not 
reduce fertility. [This study was assisted by a grant 
from the Clara L. Abbott Fund.] 

Repeated exposure to simulated high altitude: 
weights of adrenals, testes and seminal vesicles in 
the white rat. Dorothy Nelson and M. W. 
Btjrrill (introduced by A. C. Ivy). Dept, of 
Physiology, Northwestern Univ. Medical School, 
Chicago, III. A group of 19 adult male white rats 
was exposed to reduced pressure (equivalent to 
an altitude of 18,000 feet) 1 hour daily for 50 days. 
The w'eights of the testes, seminal vesicles and 
adrenals were compared wdth the organ weights 
of a control group of 21 animals. The average body 
w'cights of the two groups w'ere equivalent at the 
start, but the control group gained slightly more 
during the experimental period (final average 
w’^eights: experimental 221 gm., control 248 gms.). 
There w’as no difference between the- two groups in 
the weights of the testes and adrenals even wdien 
compared on the basis of organ weight/body 
weight ratio. The seminal vesicles of the exposed 
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rnts, nlthoiigh snwHor (iiim (lie contiols, were not 
significantly iliffcrcnt when coiniiai'cd on the basis 
of organ weight/hoiiy weight ratio. 

In an experiment involving inoro clra.stic o.x- 
posnre for shorter total periods, Tornetta ct al 
(Proceedings 1913) found significant changes in tho 
weights of seminal ve.sicles, testes (decreased) 
and adrenals (increased). Mvidontly a more 
chronic hnt less intensive ex])osurc to anoxia, as 
in the iirescnt cxiieriment, fails to produce the 
same changes. ahidij tens assisted 61/ a pranl 
from Die Clara L. Abbott I'lnid.] 

Sensations arising during the passage of a con- 
stant galvanic current. Erne Oot)i;N. Uiiiv. of 
Texas Medteat Branch, Galveston and Cn.vni.KS E. 
D.m.zu;!. (by invitation). Univ. of California, 
Dept, of Eleelrical Engineering, Berkeley. While 
direct currents up to S3 m.a. were jiassing through 
the palm, wrist, and forearm in experiments on 
electrical safety, (Dalzicl, Ogden, and Abbott, 
Electrical Engineering C2: 7-lS, 19-13) two sensa- 
tions appeared. The first, the well known tingling 
at the electrode, is probably due to polarization 
and becomes burning pain at high current densi- 
ties. But tho other, a severe deep burning or .aching 
sensation at tho wrist, appears to conflict with 
the classical concept that a constant current, 
though modifying cxcitabilitj’ does not excite 
except at make or break, and thus conflicts with 
the du Bois Rej'inond haw of excitation. 

Both heat sensations might be due to heat pro- 
duction. .\ simple calculation shows that this is 
unlikel}'. Heat near electrode = 0.21HR (I = 
current, II = resistance of contact and skin tis- 
sues). Taking I = 50 m.a. R = 500 w. Heat = 0.3 
cal/scc. With .a contact area of 125 Cm- (the flat 
palm) only 0.0024 cal/Cm-/see would be available 
for overcoming the thermo-stabilising effect of 
the blood stream and exciting tho heat receptors. 
Similar considerations apply to the interelectrode 
liberation of heat and suggest that this is not 
adequate to produce the sensation at the wrist. 

Cutaneous vasodilatation, almost certainly pres- 
ent in these circumstances, might explain the hot 
sensations though vasodilatation without conges- 
tion gives rise to sensations of warmth rather than 
burning since the blood temperature is the limit- 
ing factor. Perhaps a high current density is de- 
veloped in the nerve trunks in the wrist and the 
, particular sensation evoked depends upon the 
specific connections of those fibers which are most 
susceptible to this kind of stimulus. 

Simultaneous diabetogenic and nitrogen sparing 
action of anterior pituitary extract in partially de- 
pancreatized rats. K. E. P.aschkis, A. Cantakow 
and A. E. R.vkoff (by invitation). Jefferson Medi- 
cal College and Hospital, Philadelphia, Pa. A 
close relationship of the protein-anabolizing 
(growth) hormone to the diabetogenic factor of the 


anterior pituitary has been claimed. It has been 
suggested that an anterior jiifuitary extract 
(A.P.E.) is jirotcin-anabolizing through stimula- 
tion of insulin .secretion and diabelogcnie if tho 
islets arc incapable of responding to the stimulus. 

Fifteen jiartially depancrcatizcd rats were 
treated with a growfh-iiromoting A.P.E. (Antu- 
itrin G). In 10 rats tho extract was diabetogenic, 
inducing glycosuria in rats in which the diabelcs 
had been latent or increasing glycosuria present 
before treatment, with the extract. The diabeto- 
genic action was transient and did not persist 
beyond the jicriod of treatment, which varied 
from 3 to M days. None of the rats showed in- 
creased nitrogen excretion during the jicriod of 
c.x.accrbntion of the diabetes, and in six nitrogen 
retention occurred during this period. 

The simultaneous occurrence of nitrogen reten- 
tion and exacerbation of diabetes militates against 
the theory that the protein-anabolizing (nitrogen 
sparing) action of A.P.E. is due to stimulation of 
insulin secretion which in turn would cause pro- 
tein anabolism. Amounts of insulin secreted by tho 
pancreatic remnants in the partially depancrca- 
tizcd rat must be sm.all at best since they are 
inadequate to counteract tlic diabetogenic effect 
of .A.P.E. Tho decreased nitrogen excretion ob- 
served in the experiments could bo attributed to 
insulin secretion only if one wished to assume 
that much smaller amounts of insulin were neces- 
sary to influence protein metabolism that are 
c.apablo of increasing carbohydrate utilization. 

The stabilization of cytochrome C by lyophiliza- 
tion. Elizahetii A, Patch (by invitation), Helen' 
S. Monnisox (by invitation), Jo.seph L, Cixiineka 
(by invitation) and Kakl H. Bever. The Dcpl. 
of Pharmacology, Medical- Research Division, 
Sharp and Dohme, Inc., Glcnolden, Pa. Cyto- 
chrome C was prepared from beef heart essentially 
bj' the method of Kcilin and Hartrec (Proc. Roy. 
Soc. London, B122: p. 298, 1937). Aliquots of the 
final clear solution were pipetted into ampoules, 
frozen and dried under reduced pressure (lyophile 
process). The ampoules were sealed under reduced 
pressure and stored in a refrigerator. 

The lyophilized preparation was very pale tan 
to pink in color, very light and feathery, and re- 
stored completely on the addition of distilled 
water to give a clear dark red solution. Thus it 
was possible to restore the material to give a de- 
sired concentration suitable for Warburg studies. 

The lyophilized cytoehrome C was assayed im- 
mediately after ampouling by restoring to a given 
volume and comparing it to cytochrome C from 
the same lot which had been kept as a stock solu- 
tion. Spectrophotometrically, the concentration 
of cytochrome C was determined at a wave length 
of 550 nm according to the formula C — E, where 
E = absorption coefficient of reduced or oxidized 
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cytochrome. Over a period of four months there 
was no decrease in the concentration of either 
phase of the enzyme nor any change in their 
spectral characteristics. 

Using the concentration of cytochrome G as 
the limiting factor in the determination of the 
rate of oxidation of succinate by the complete 
succinoxidase system, it was found that equal 
concentrations of fresh stock solution and re- 
stored cytochrome C gave the same rates of oxygen 
uptake. Lyophilized cytochrome C four months 
old had the same activity, when diluted to the 
same concentrations, as when originally prepared. 

The distention pressure of urine in the bladder 
as it influences human gastric motility. T. L. 
Pattehson and D. J. Sandweiss (by invitation). 
Dept, of Physiology, Wayne Univ., College of 
Medieine, Detroit, Mich. Incident to a series of 
graphic observations on the effects of urine ex- 
tracts on the motility of the empty stomach of a 
young woman with a permanent gastric fistula 
(balloon method was employed for registration), it 
was additionally observed, that when the intra- 
urinary distention pressure caused by the gradual 
accumulation of urine in the bladder reached a 
pressure level sufficient to arouse the micturition 
reflex, definite alterations in the gastric motility 
usually began to occur. At first, the gastric con- 
tractions became more or less irregularly spaced 
with fluctuations in the gastric tonus. Then, as 
the condition became more pronounced through 
voluntary inhibition, the subject exhibited rest- 
lessness leading to increased intervals of rest be- 
tween the individual contractions, or groups of 
contractions, reduction in amplitude of contrac- 
tions and finally inhibition when the distress ap- 
proached the level of pain. 

In a few minutes following the evacuation of the 
bladder the normal gastric contractions were re- 
sumed and the patient was again at ease. 

These results are in confirmation with the earlier 
findings of Patterson and Dunn on fistularized 
stomacii and bladder dogs (Proc. Am. J. Physiol. 
133: 410, 1941), in which rubber balloons were 
introduced into the urinary bladder and the 
stomach, respectively, for symchronously record- 
ing the gastric motility and distension pressures 
employed in the bladder. 

The renal elimination of sulfamerazine (2-su!- 
faniIamido-4-methyl pyrimidine) by the dog. 
Laavuence Petehs (by invitation), Kaul H. 
Reyeu and Euzabetii A. Patch (by invitation). 
From the Dept, of Pharmacology, Medical-Research 
Division, Sharp and Dohjne, Inc., Glenoldcn, Pa. 
We have studied the renal elimination of sulfa- 
merazine under condifions that may’ exist or be 
produced during sulfonamide therapy^. Attention 
was also given to creatinine clearance ratios ns 


influenced by plasma’ protein binding of sulfa- 
merazine. 

Sufficient bicarbonate administered orally to 
increase urinary pH from 6.8 to 7.8 in 3 dogs in- 
creased the clearance of sulfamerazine from 7.3, 
6.4, and 7.6 to 14.9, 22.3 and 19.6, respectively. 
This Avas very likely due for the most part to in- 
creased electrolyte excretion rather than to pH 
change for an equivalent amount of NaCl, IvCl 
or NH4CI produced a similar' but not as great 
effect. Increase in urine flow from 0.42-2.82, 0.29- 
5.75, 0.24-4.90 cc./min. increased sulfonamide 
clearance from 5.9-11.4, 5.0-17.4, 5.2-11.2, re- 
spectively. The clearance of sulfamerazine re- 
mained fairly constant when the plasma level AA'as 
increased from 3.4 to 13.1 mgm./lOO cc. during 
individual experiments indicating that maximal 
tubular resorption of the compound Avas not ex- 
ceeded. Following bicarbonate administration 
(urinary pH = 8), increasing the plasma sulfon- 
amide from 4 to 13 mgm./lOO cc. increased sulfa- 
merazine clearance about 50 per cent. The clearance 
ratio of sulfamerazine (4 mgm./lOO cc. plasma) to 
creatinine was normally 0.13; corrected for plasma 
binding the excretion ratio of sulfamerazine to 
creatinine Avas 0.20. 

Assuming complete glomerular filtration of un- 
bound sulfamerazine these data indicate that 
normally about 80 per cent of the filtered com- 
pound is resorbed by the renal tubules of the dog. 

The nature of the renal vascular reactions to 
amino acid infusion. R. F. Pitts. Dept, of Physi- 
ology, Cornell Medical College, New York, N. Y. 
The nature of the hemodynamic changes produced 
in the kidney of the normal dog on administration 
of amino acid (Pitts, Am. J. Physiol. 140: 156; 
1943) has been studied by the simultaneous meas- 
urement of the creatinine clearance (glomerular 
filtration rate), p-amino hippuric acid clearance 
(minimum effective renal plasma floAv), hemato- 
crit and mean arterial pressure. From the data so 
obtained the renal blood floAV and total renal re- 
sistance have been calculated. Gradual elevation 
of plasma amino nitrogen from a normal of about 
4 mgm. per cent to 20 mgm. per cent by" the in- 
fusion of glycin led to an increase in filtration rate 
and renal blood Aoav wfith some decline in filtration 
fraction. Mean arterial pressure either remained 
constant or increased moderately. Total renal 
resistance declined sharply in all instances. The 
nature and extent of these changes indicate that 
amino acid either directly or indirectly" brings 
about a dilation of the renal vascular bed. The 
dilation affects both pre- and postglomerular ves- 
sels. In experiments in AA"hich the plasma amino 
nitrogen concentration AA'as raised to 50 to 60 
mgm. per cent there occurred a decline in filtra- 
tion rate and renal blood flow and an increase in 
filtration fraction and renal resistance. These 
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chniigcs rostiU from constriction of both pro- and 
post glomerular vessels. 

The renal renbsorption of inorganic pliosplialc in 
the normal dog. It. h'. Piixs and 11. S. .\M:x.\xnBn 
(by invitation). Dcpl. of Phuxiolnffij, Cornell 
^fcilical College, Xew York, X. Y. The renal 
reabsorptiou of inorganic pliosplialc has been 
studied in the dog over a range of plasma concen- 
tration from 2 to .TO mgm. per cent of phospbato 
phosphorous, using the simultaneously deter- 
mined creatinine clearance as a measure of glomer- 
ular filtration rate. The quantity of phosphate 
reabsorbed is essentially independent of plasma 
concentration over a range from 10 to 50 mgm. per 
cent, and in two dogs amounted on an average to 
l.S mgm. per minute. At jilasma concentrations of 
less than 3 mgm. per cent all phosphate was re- 
absorbed from the glomerular filtrate and the 
urines were essentially idiosphatc free. With 
plasma concentrations of 3 to 10 mgm. iier cent 
the reabsorjition of phosiihate may increase 
slightly as a function of plasma concentration. 
At lovel.s above B mgm. jicr cent there was con- 
siderablc fluctuation in the amount of phosphate 
reabsorbed in different experiments, although all 
values fell within the limits of 3.5 and 5.0 mgm. 
per minute. It is possible that these fluctuations in 
reabsorptivc capacity for phosphate may be cor- 
related with variations in acid base b.alanec or 
with general electrolyte balance on different 
experimental days. 

Spinal reflex summation as a possible clue to the 
conditions underlying paroxysmal pain in causalgia. 
E. L. Porter. Dcpl. of Physiologr/, Medical 
Branch, Vniv. of Texas, Galrcston. In the 
condition known as “Causalgia” the constant low 
grade pain may be increased to an unbearable 
point by additional stimuli sucli a.s drying of the 
skin, slight friction, cold and the like of which the 
normal indixddual would scarcely be aware. Tlicrc 
is a strong resemblance to summation as seen in 
.spinal refic.xcs. In a spinal cat carefully controlled 
stimulation of a cut sensory nerve is arranged to 
give rhythmic reflex contractions of the tibialis 
anticus muscle of nearly minimal extent. Addi- 
tional stimuli imitating those effective in causalgia 
are now given to different areas of the leg. If sum- 
mation occurs following the extra stimulus the 
contraction heights rise suddenly to perhaps 10 
times the original. That the phenomenon is a 
true summation is shown by the fact that cessa- 
tion of electrical stimulus to the neiwe results in 
quiescence of the muscle even though the extra 
mechanical stimulus to the leg is being continued 
as strongly as before. Extra stimuli which have 
been found effective in causing summation in this 
way are: rubbing the fur of knee or foot with a 
wooden applicator, spreading the toes strongly, 
.application of a bull-dog clamp to a toe pad, twist- 


ing a claw, a strong blast of air on fur of font or 
knee, in some cases even blowing the breath on 
such areas. 

These observations suggc.st that the summation 
of stimuli ill causalgia resulting in unbearable 
pain may not occur iirimarily in consciousness, 
but in some lower center in the nervous system. 

A pendulum time-marker for universal driving 
ciirrenl. E. II. PuArr. Physiological Lab., IPoston 
Unit'. School of Medicine. A cylindrical llg-IIg 
commercial switch, adjustable in angle, is mounted 
just below the pivot, obviating the frictional re- 
sistance of a solid-mcfallic contact mechanism. 
Two polnr-ojiposcd electromagnets, one forming 
the bob, the otlier embedded centrally in the base, 
provide at mid-swing an impetus of temporal and 
mechanical advantage. Tlic circuit draws as little 
as 0.3 ampere. This disposition and economy of 
current permits the use equally well of one stand- 
ard i volt dry coll, a d.c. line with siinpic 2-lnmp 
shunt resistance, or nnrcclified a.c. from an inex- 
liensivc G-10 volt bell-ringing transformer. The 
aticr. with plug-connection for a lighting circuit, 
is mounted ns an integral jiart of the sct-ilp and 
operates indofinilcly without attention. Ilcgiila- 
tion is afforded by a sliding weight on the pendu- 
lum-rod. The pendulum actuates the usual relay, 
selective fora variety of time intervals. The device 
is thus adaptable to laboratory installations with 
wide!}' differing facilities. 

The motor activity of the pyloric sphincter studied 
by the pyloric inductograph. J. P. Quigeev and 
Daxiee a. Brody (by invitation). Dept, of Physi- 
ology, Wcstcr7i Pcserve Cniv. .Medical School, 
Cleveland, Ohio. In this investigation, the pyloric 
sphincter movements have been .studied by two 
small electromagnetic coils. These coils were at- 
tached to the serosal surface directly above and 
below the sphincter so they move closer or farther 
apart by contractions or relaxations respectively 
of the sphincter. Lead wires conduct the current 
into one coil (the primary) and this induces a 
magnitude of current in the secondary coil, 
which varies as the distance between coils. The 
current from the secondary coil is passed through 
a radio amplifier and then recorded by an oscillo- 
graph and photokymograph. When this apparatus 
is applied to the sphincter it is termed a “pyloric 
inductograph,” but in a modified form it is capable 
of extensive application in studying the movement 
of many tissues. It provides a continuous record 
from the unanesthetized, untraumatized animal 
under essentially physiological conditions. 

E.xtensive studies with this technic have demon- 
strated that the pyloric sphincter of the fasting ' 
dog usually e.xhibits rhythmic contractions at th 
rate of 4-6 per minute. For brief intervals, t 
movements may be absent and a i-^ 
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sphincter is relaxed. In general, the sphincter is 
open more than half the time. 

Similar activity obtains in the fed animal but 
the frequency and magnitude of the contractions 
are slightly greater and quiescent periods are 
rare. Studies with the pyloric inductograph made 
simultaneously with fluoroscopic observations of 
the evacuation of a barium meal show that each 
cycle of gastric evacuation begins shortly after 
the sphincter is fully relaxed and continues until 
the peak of the sphincter contraction. [This 
investigation was parliallii supported bij a research 
grant from the Council on Pharmacy and Chemistry 
of the American Medical Association.] 

The clearance of injected estrogens from the 
blood of normal humans and dogs and those with 
liver damage. A. E. Rakoff (by invitation), A. 
Cant.arow, K. E. Paschkis and L. P. Hansun' 
(by invitation). .lefferson Medical College and 
Hospital, Philadelphia, Pa. Free scrum estrogen 
was determined (Fluhman method) in dogs and 
humans (normal and liver-damage) after adminis- 
tration of estrogens. 

Dog Experiments: Eleven dogs, 5 with bile- 
fistulas, received estrogens intravenously in al- 
cohol, estradiol in 7 experiments, estrone in 3 and 
dicthylstilbestrol in 1, usually 250,000 i.u. In 4 
normal dogs the higliest values were obtained 
at 5 or 10 minutes and ranged from 320-2500 i.u. 
)or 100 cc., fell progressively at 1 and 5 hours, and 
,! me was demonstrable at 24 hours. In 3 dogs 

th acute CC14 poisoning the curves were ab- 
•' lormal in 2; in one the estrogen gradually in- 
creased to a maximum at 48 hours, while in the 
other, although the curve fell during the first 24 
hours, an increase occurred at 48 hours. In 2 dogs 
with chronic CC14 poisoning, clearance was pro- 
longed, but there was no secondaiy rise. A similar 
delay was noted in a jaundicctl dog with biliary 
obstruction but not in another with hepatitis. 

Human Experiments: Serum estrogen was de- 
termined at 1, 5 and 24 hours in 10 patients after 
intramuscular injection of 240,000 i.u. of estradiol 
benzoate in oil. In two normal females and one 
male there were IIG-ISO i.u. per 100 cc. at 1 hour, 
at 0 hours the values were lower and at 24 hours 
oidy traces were demonstrable. Similar curves 
were obtained in a castrated woman and a woman 
with chronic nephritis. Delayed clearance was 
noted in 2 patients with hepatitis and 3 patients 
with cirrhosis of the liver. 

The effects of mecholyl iontophoresis and of 
reflex thermal dilatation on the cutaneous blood 
flow. Wai.tkk C. RaX’dall and Aluick B. Hektz- 
•MAX. Dept, of Physiology, St. Louis Univ. School 
of .Medicine, St. Louis, Mo. The elTects of mecholyl 
iontophoresis and of body heating on the cutane- 
ous blood flow of the forearm and leg were meas- 
ured by photoelcetrie plethysmographs. Resting 


blood flows averaged 0.032 cc/cmVmin in the 
forearm skin and 0.022 cc in the leg. Heat to the 
trunk resulted in profuse sweating and increased 
the flow 2.5 times in forearm skin and 3.5 times in 
log skin. Cooling of the skin by evaporation pi-ob- 
abl}’- prevented a maximal dilatation. Mecholyl 
iontophoresis increased the flow 5 times in forearm 
skin and 6.5 times in leg skin. The greater dilata- 
tion with mecholyl probably represents the 
maximal blood flow which can be provided in the 
skin at normal levels of blood pressure and there- 
fore the maximum expansion of the cutaneous 
vascular bed. If a corresponding dilatation oc- 
curred over the entire skin surface of the body, 
it would deviate 1.5 litei's/M-/min or 70% of the 
basal cardiac output to the skin. This is of the 
same ordei- of magnitude as calculated from heat 
elimination in extreme exercise. The smaller 
values observed in the heat experiment raise the 
question : is so-called reflex thermal dilatation en- 
tirely' due to decreiised vasomotor tone or im- 
portantly due as well to the direct effects of tem- 
perature on the vessels? [Aided by American 
Medical Association.] 

Effect of digitalis and strophanthin on the de- 
nervated lymph heart of the bullfrog (Rana cates- 
beiana). Maiuok A. Reid. Dept, of Physiology, 
Boston Univ. School of Medicine, Boston, Mass. 
Denervated or transplanted lymphatic hearts 
develop cardiac-like properties which are in sharp 
contrast to those of the normal organ under neuro- 
genic control (J. Exp. Zook, 76: 47, 1937). Injec- 
tions were made into the femoral vein. Simultane- 
ous records of both anterior lymph hearts, S to 16 
days after denervation of one of them, were ob- 
tained in bullfrogs anesthetized with urethane. 

Doses of strophanthin (Kombe, Merck) or digi- 
talis (usually^ 1-10 dilutions of the tincture) not 
exceeding the M.L.D. did not alter the rate of the 
control (innervated) lymiph heart. 

Injections of strophanthin, 12 to 39 per cent of 
the M.L.D. caused a three or four-fold accelera- 
tion of the denervated lymph heart. The typical 
periodic rhythm always became continuous in 
about an hour after the injections. The full M.L.D. 
increased the rate to 4.5 times that of the initial 
control within five minutes. 

Similarly, injections of digitalis solutions (in 
amounts less than one-tenth frog unit) produced 
characteristically a continuous rapid rate in the 
denervated lymph heart, 1.7 to 2.8 times that of 
the control anterior organ. In one case the beating 
did not become continuous, but the duration of 
each spontaneous periodic series of beats increased 
from 7 to 27 minutes. Since the rate of such 
periodic lymph hearts was often rapid, the change 
to continous activity was the more striking ellect 
of digitalis. 

Tlie denervated (myogenic) lymph heart is 
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stimulated l)y stroidianlliin or dinitiilis in a man- 
ner similar to tlicir action upon isolated canliac 
tissnc. lAiilcd hij n (jrattl from tlir Committee on 
J'hcrapcutic Research, Council on J’liarnmc!/ "'"I 
Chemistry, American Medical Association.] 
lyiainicnnncc requirement of desoxycorlicos- 
terone ncclnlc of the ndrcnalcctomizcd mouse 
and rabbit. II. 1Ii;inh.vkt (by invitation), A. 

C. \XT.\no\v, A. E, Hakoki' (by invitation) and 
K. E, Pasciikis. .fefferson Medical Collcpc and 
Hospital, Philadelphia. While desoxycorticos- 
tcronc and its esters arc not capable of substitut- 
ing entirely for adrenal cortical function, t.bi.s 
compound is the mo.st potent in producing sodium, 
cliloridc and water retention and is capable of 
maintaining life of the adrcnalcetomizcd animal 
as well as of patients with Addison's disea.se. 

The amount of desoxycortiroslcronc acetate 
(D.C.A.) required for adequate maintenance a|>- 
pears to differ in different sjiccies. 

E.vpcrimcnts were performed on l.OO male white 
mice weighing about 20 Gm. in order to determine 
the maintenance dose of in this siiecies. 

Adequacy of maintenance of the adrcnalectomizcd 
mice was evaluated by (a) survival, (b) weight in- 
crease, and (o) resistance to itotassium poisoning. 

D. C.A. was administered subcutaneously in oil 
solution at various dose levels, tlic volume of the 
vehicle being kept constant at 0.05 cc. per injec- 
tion. Adrenaleotomizcd controls received the same 
amount of oil without hormone. It was found that 
0.5 mg. per day per mouse (weight 20 Gm.) or 2.5 
mg. per Kgm. mouse per day was iwccssary for 
adequate maintenance. There was no significant 
difference in groups receiving tap water and those 
receiving 0.85% KaCI solution as drinking 
solution. 

Prcliminarj- e.xpcriments on rabbits showed 
that this species also has a high requirement. 
Daily injection of 2.5 mg. D.C'..\. reduced the 
excessive chloride excretion of adrcnalcctomized 
rabbits weighing about 2 Kgm., but this dosage 
could not prevent weight loss. In spite of con- 
tinued treatment, animals developed hemoconcen- 
tration and hypoglycemia and died in convulsions. 

Analgesic and anticonvulsive properties of 3,5,5- 
lrimethj-loxaIidine-2,4-dione (tridione). R. K. 
Richards and G. M. Everett (by invitation). 
Dept, of Pharmacology, Abbott Lab., North 
Chicago. This compound was prepared by Dr. 
M. A. Spielman and is a white crystalline powder, 
soluble in water to 5 per cent. .Addition of urethane 
or 10 per cent alcohol greatly enhances its solu- 
bility. Toxicity is quite low. The .approximate 
L.D. 50 for r.ats subout.aneously is 2 gm./kg., for 
mice orally 2.2 gm./kg. and for rabbits intra- 
venously 1.5 gm./kg. A hypnotic effect is present 
only with the higher dose levels. .Acutely fatal 
do.ses cause respiratory and circulatory failure. 


Willi just lethal doses, the animals die in a state 
of coma several hours after administration." 

The presence of a marked analgesic action wa.s 
shown using different methods in mice, rats, and 
dogs. .Also a marked antagonistic effect against 
the convulsive action of mclrazol and picrotoxin 
could be demonstrated, but not against strychnine 
convulsion.s. Roth the anti-convuisivc and the 
analgesic effects in rats and mice were present, 
with the non-hypnotic dose of 500-000 mg./per hg. 
of Triilionc given parcntcrally. 

If injected intravenously a dose of 25 mg./hg. 
produced a transitory fall of blood pros.suro in 
dogs and cats but the respiration remained practi- 
cally unaffected. Preliminary clinical investiga- 
tions have shown that Tridione is an effective 
analgesic both by oral and jiarcnteral adinini.stra- 
tion. Present evidence indicates that it surpasses 
the common coal tar analgesics in jiotcncy, par- 
ticularly in visceral and postojierativc pain. 

Effects of intravenous injections of an nminoncld 
mixture on duodenal motility of anesthetized dogs. 
11. W. Rori.xson (by invitation) and M. J. OertiN'- 
nni.MKR. Depts. of Pediatrics and Physiology, 
Temple Univ. School of Medicine, Philadelphia, 
Pa. Effects of intravenous casein digest upon 
duodenal motility wore studied in dogs (Pcntothal 
Xa 15mgm./kgin. Barbital Nii200 mgm./kgm.) by 
balloon methods. .Arterial blood samples wore 
taken under oil for COj content and pH of scrum, 
simultaneously a second sample was oxalatcd for 
determination of plasma aminoacid nitrogen; both 
two minutes before start of injection of casein 
digest. Another group of samples was dr.awn two 
minutes after injection ended. COj content was 
measured with the A''an Slyke-Xeill manomctric 
gas apparatus. pH was determined at 38° by the 
gl.ass electrode in a cell which provided minimal 
exposure to the sample to atmosphere. .Aminoacid 
nitrogen was measured by the gasoraetric-nin- 
hydrin procedure. 

Infusions of 6.5 cc. Mead .Johnson Amigon/kgm. 
produced hypermotility of short duration. This 
occurred during or within a few minutes after end 
of injection. Under these conditions aminoacid 
nitrogen values rose from averages of 3.8 to 25.0 
mgm/100 cc. plasma, Amigcn (pH 5) never lowered 
scrum pH more than 0.07 nor CO; more than 10 
volumes per cent. 

Similar results were obtained in other experi- 
ments when a slow intravenous drip of 5 per cent 
XaHCOs was used to prevent the acid shift caused 
by Amigen. This increased tonus and amplitude 
was also present when the aminoacid mixture was 
given to animals rendered acidotic (pH 7.02) or to 
others alkalinized (pH 7.50). In a few cases hy- 
permotility due to Amigen was followed' b 
longer period of inhibition. [Aided by a gr 
Mead Johnson and Company.] 
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Acetylcholine and the response of the crayfish 
nerve cord to low external potassium. K. D. 

Roeder. Dept, of Biology, Tufts College, Mass. 
Previous studied by Prosser (J. Cell, and Comp. 
Physiol. 15: 55, 1940, 22: 131, 1943) and Roeder 
(ibid. 18: 1, 1941) show that a reduction of the 
external potassium may- either increase or de- 
crease the intrinsic nervous activity of the isolated 
ventral nerve cord of the crayfish. Typically, re- 
duced K is excitatory while the cord is in situ and 
for the first hour or two in saline. After 2-3 hours 
isolation reduced K reversably depresses the in- 
trinsic activity, and continues to have this' effect 
until the cord becomes inactive (about 30 hours). 
In a small percentage of cords low K is excitatory 
throughout the life of the preparation, though 
these cords appear to be normal in other respects. 
- The reversal of the response to low K implies 
some progressive internal change as the prepara- 
tion ages. This change does not always occur and 
is unrelated to activity level or time of survival. 

If the stage has been reached when low K is 
depressant and the cord is bathed in saline con- 
taining acetylcholine 10“^, a subsequent reduction 
in K increases activity as in a fresh preparation. 
This effect may be obtained repeatedly until the 
acetylcholine is replaced by saline, when low K 
becomes once more depressant after about 30 
minutes. Smith (J. Cell, and Comp. Physiol. 13: 
335, 1939) has shown that crayfish blood contains 
acotylcoholine 10-“ which accounts for the po- 
tassium response of fresh cords. The reversal of 
tlie low K response in the majority of cords in 
saline must result from the progressive loss of 
intrinsic acetylcholine through diffusion or 
cholinesterase action. 

Palmer skin resistance (P.S.R.) during a stand- 
ard period of controlled muscular activity as a 
measure of physical fitness. A. H. Rvan and E. L. 
R.vnseex (by invitation). Lab. of senior aiithor 
and Research Lab. Quaker Oats Co., Chicago, III. 
Subjects mounted a bicj'cle ergometer and placed 
their entire palms in shallow pans containing a 
one per cent solution of sodium chloride main- 
tained at body temperature. P.S.R, measured by 
a simple bridge at 45 or 55 seconds during a one 
minute period of work at constant speed and load 
appears to be related to physical fitness. P.S.R. 
during work has been described (Am. J. Physiol. 
133: P434, 1941). 

Heavy muscular work followed by inadequate 
time for recovery resulted in marked increases of 
P.S.R. in the standard work period. 

In daily experiments on 15 subjects during a 
period of 4 weeks a very' significant positive cor- 
relation was found between variability' of sleep 
and variability of P.S.R. Large sleep losses in- 
curred by some of these subjects and experi- 
mentally induced in other subjects resulted in 


marked increases in P.S.R. from which recovery 
with normal sleep was not immediate. 

For the 15 subjects day to day changes of P.S.R. 
gave a negative correlation with day to day 
changes of total work performed on the ergometer 
in five consecutive one minute work periods with 
half minute rest pauses. The load was such that 
the speed could not be maintained in the later 
work periods. A Pearson r of —.33 was obtained 
with a Fisher t of 5.6. 

The theoretical basis for these results appears 
founded on the relation of sweat gland activity 
measured as P.S.R. to sympathetic activity, and 
the relation of sympathetic activity to physiologi- 
cal stresses. 

Do stomachs of patients with duodenal ulcer 
manifest a hypercontinuous nocturnal gastric secre- 
tion? D. J. Sandweiss (by invitation), H. M. 
Podolsky (by invitation), A. D. Rush (by invi- 
tation) and T. L. Patterson. Dept, of Internal 
Medicine, Harper Hospital and Dept, of Physi- 
ology, Wayne Univ., College of Medicnie, Detroit, 
Mich. Previous studies have shown that after a 
6 P.M. meal the gastric juice aspirated hourly 
from duodenal ulcer patients (8 P.M. to 8 A.M.) 
was approximately of the same concentration of 
free hy'drochloric acid as was the juice collected 
from normal subjects (Sandweiss etal. “Nocturnal 
Gastric Secretion Studies on Normal Subjects 
and Patients with Duodenal’ Ulcer,” North End 
Clinic Quart., 4: 4, 1943). However, the totaly 
amounts aspirated during the night (totalling the 
amounts aspirated once hourly) was approxi- 
mately twice as much for the ulcer patients. This 
raised the question whether it was due to a state 
of hy'persecretion or delayed emptying. 

Over 50 additional nocturnal gastric secretion 
studies were performed on 15 normal male subjects 
and 15 male duodenal ulcer patients, with the ex- 
ception, that after the stomach was completely 
emptied at midnight, the Levine tube was at- 
tached to a continuous suction apparatus. The 
stomach was thus continuously aspirated through- 
out a seven hour period from 12 midnight to 7 A.M. 
(instead of one aspiration hourly as was done in 
the previous study). It was felt that continuous 
aspiration would to a great extent exclude the 
factor of “delayed enrptying.” 

Appreciable variations occurred, but on the 
average, approximately 400 cc. of juice was aspi- 
rated from the stomachs of duodenal ulcer patients 
and approximately the same amount was obtained 
from the stomachs of the normal subjects, indi- 
cating that our ulcer patients did not manifest a 
state of hypersecretion (there was one exception) 
but rather, a stale of delayed empty'ing. 

Influence of morphine, alcohol and sulfanilamide 
on respiratory discharges. W. .\. Sei.i.e. Dept, of 
Physiology, Medical School, Univ. of Texas, Calves- 
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ton. Using unpcrfuscd isolated lioads of 12-15 
dny-old rats ns test preparations and a tcchnitine 
previously described, it is found that a munber 
of drugs alter the activity of the respiratory cen- 
ter under anaerobic conditions. As indicated by 
the gasping pattern, activity of the center of con- 
trol animals is uniform and continues for sligiitly 
more than 4 minute.s after isolation of the hc.ad. 
This pattern consists of; (1) an initial series of 
S-10 aerobic gasps within a period of 15-20 seconds, 
(2) an intcrscrics interval of 30.45 seconds, (3) an 
anaerobic series of 13-24 rliythiuic gasps lasting 
^abont 240 seconds. 

Unless given in obviously toxic doses, the drugs 
tested have little clTect on the aerobic series. 
Morphine sulphate (.2-.S mg.) injected subcu- 
taneously i-1 hour prior to isolation of the head 
increases the survival period by 150% and the 
total number of gasps of the second series by 200%; 
the intcrscries interval tends to decrease. Ethyl 
alcohol gives similar results; however, the dura- 
tion of survival is less prolonged than in cases of 
morphine and the total number of gasps is greater. 
Svdfanilamide (2-6 mgm.) also produces similar 
but less marked’ changes. One feature common to 
these drugs when given in large doses is the forma- 
tion of accessory gasps l)ctwccn normally oc- 
curring ones. Although rhythmic, they arc similar 
and more frequent than the normal or dominant 
ones and out of phase with them. They frequently 
show a progressive increase in amplitude for 
short periods, the pattern usually being repeated. 
Such acccssorj' gasps appear to be due to ectopic 
“pace makers” or to recirculation of e.xcitatoo' 
waves over one or more pathways by a process 
analogous to that involved in the circus move- 
ments of the heart. 

Dilating substances in mold e.xtracts used in skin 
testing. W. A, Selle and Ho.miieu Pkixcb (by 
invitation). Dept, of Physiology, Univ. of Texas, 
Medical School, Galveston. Extracts of certain 
molds used extensively in skin testing of al- 
lergic individuals produce marked reactions in 
noimal subjects injected intracutaneously with 
relativelj' high dilutions. Since histamine can be 
isolated from certain fungi (e.g., Claviceps pur- 
purea), it was suggested that this capillar}’ dilator 
might be responsible for the non-specific reactions 
of the mold preparations. 

Two clinically important fungi, Alternaria and 
Aspergillus, both widely distributed .and fre- 
quently occurring, were selected for study. Al- 
though allergenically important, both molds rank 
high among those frequently producing non- 
specific reactions. The fungi were grown on a 
standard malt-extract broth. When the pellicles 
reached maturity they were harvested, washed 
with several changes of 0.9 per cent saline, frozen 
.and dried. Extracts of the dried material were 


prepared by five dilTcrcnt extraction molhods. 
Each extract was assayed for bistamlno by physi- 
ological methods employing the teclinique of 
Schultz and Dale. Using target tissues (ileum and 
nierns of young guinea pigs) known to be sensitive 
to bistamino in dilutions of 1 :300,000,000, positive 
responses could not bo obtained with any of the 
extracts. Since the histamine sensitivity of tlio 
le.si preparations was rouglily 1,000 times that of 
normal Immait skin, it is ns.siimcd that this amino 
is not the irritating agent in the mold extracts. 
Other po.ssible irritanf.s are being studied. 

Prevention of experimental nephrosclerosis with 
methyl-testosterone. II.XNS Seeve and E. M. 
Rowi.ev (by invitation). Department of Anat- 
omy, McGill Univ., Montreal, Canada. Experiments 
on female albino rats having an average weight 
ofCOg. have shown that the nephrosclerosis and pro- 
teimiria elicited by five weeks subcutaneous treat- 
ment with 4 mg. of dcsoxycorlicostcrone acetate 
(D.C.A.) per day, can bo almost completely coun- 
temeted by the simultaneous daily subcutaneous 
.administration of 10 mg. of inothyl-testostcrone. 

This experiment was repeated under iclcnlicnl 
conditions in rats sensitized to tlie ncphrosclerotio 
action of D.C.A. by unilateral nephrectomy. In 
this scries tlio nephrosclerosis inhibiting action of 
mctbyl-tcstostcronc was equally obvious. 

These cxpcrinicufs confirm our view that the 
ncphrosclerotio and rcnotropic actions of steroids 
are independent of each other and indeed actually 
antagonistic. The strong testoid or “androgenic” 
elTect of methyl-testosterone counterindicates its 
clinic.al use especially in female patients suffering 
from nephrosclerosis, but preliminary experiments 
suggest that other steroids have .a more favor.able 
testoid ’.rcnotropic ratio. 

In view of the frequent association of changes in 
Idood cholesterol and renal disease in men, we 
wish to mention tliat in our experiments D.C.A. 
caused a statistically significant hypercholes- 
terolemia in the nephrectomizod group and tliat 
this effect was actually reversed by simultaneous 
methyl-testosterone treatment. 

The effect of e.xternal consiriclion of a vessel 
upon blood flow. R. E. Shipeev (by invitation) and 
D. E. Gregg. Dept, of Medicine, Western Reserve 
Univ., Cleveland, Ohio. The effect of an external 
constriction of a blood vessel in limiting blood 
flow has been considered with respect to the rela- 
tionships of 1) vessel bore to volume flow and 2) 
change in external to change in internal dimen- 
sions of the vessel. Experiments with an artificial 
system and in animals have led to the conclusions 
that: 

The effect of a localized reduction in lumen area 
is primarily that of increasing the fluid friction 
(x’iscosity effect) at the site of the construction, 
which results in an added “peripheral resistance" 
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to the How of blood and tlic rate of flow is thereby 
reduced. 

The extent of flow reduction will vary in direct 
relation to the axial length of the constricted area, 
the velocity of flow and the viscosity of the blood, 
and in inverse relation to the peripheral resistance 
of the bed and the lumen ai’ea of the vessel con- 
striction. Since, with an intact blood vessel, it is 
impossible to determine all of the above factors, 
an estimation of the flow reduction caused by a 
given constriction will be only as accurate as the 
estimated values placed upon the determining 
factors. Without the observer’s knowledge, marked 
changes in the determining factors may occur, 
thereby making it impossible to predict within 
rather wide limits either the immediate or sub- 
sequent effects of a known constriction. 

The experimental findings reveal no justification 
for the contention that a rather marked degree of 
external constriction is required to produce a sig- 
nificant reduction in flow through a vessel. 

■porled by a grant from the Commonwealth Fund.] 

Influence of progressive dehydration on the poly- 
uric response of white rats exposed to low baro- 
metric pressure. Herbert Silvettb. Dept, of 
Pharmacology, Univ. of Virginia, Charlottesville. 
Normal white rats allowed water ad libitum ex- 
creted about 300 per cent more urine when exposed 
for 3 hours to a barometric pressure of 282 mm. Hg 
(25,000 ft. altitude equivalent) than control rats 
at 760 mm. Hg (Amer. J. Physiol., 140: 374, 1943). 

1 order to determine whether this polj’-uria 

ould still develop in the presence of progres- 
sively severe dehydration, a series of animals was 
dc]n-ived of water, or of both food and water, for 
periods of 24, 48, and 72 hours, allowing sufficient 
time between experiments for the animals to re- 
gain their original weight. At the end of each 
period of water deprivation, the animals were 
exposed to a pressure of 282 mm. Hg for 3 hours, 
and their urine collected. The following table 
gives the results obtained (averages of 24 animals) : 


Barometric 
pressure 
(mm. Hr) 

3-Iir. urine output cc./lOO (pn. after withholding 
water for 

0 hrs. 

24 hrs. 

48 hrs. 

72 hrs. 

700 

0.4 

0.2 

0.2 

0.1 

2S2 j 

1.0 

0.4 

0.2 

0.1 


No difference was observed in the response of 
dipsotic, or of both fasted and dipsotic, animals 
to exposure to low pressures. 

The experiments indicate that the high-altitude 
polyuria occurs only in the presence of an ade- 
quate supply of body water. When the body -water 
content was decreased, by means of water depri- 
vation for periods longer than 24 hours, the neces- 
sity of the kidneys to conserve body water over- 


balanced the diuretic action of high-altitude ex- 
posure. [This investigation has been made loith the 
assistance of a grant from the Ella Sachs Plolz 
Foundation.] 

The effect of hemorrhage and transfusion on the 
ability of the rabbit to withstand reduced atmos- 
pheric pressure. Edwin L. Smith (introduced by 
E. Fischer). Dept, of Physiology, Medical College 
of Virginia, Richmond. Three groups of rabbits 
were subjected to progressively decreasing atmos- 
pheric pressure. The rate of decrease was such as 
to stimulate as ascent of 1000 feet per minute, 
and was continued until death as evidenced by 
cessation of respiration. Group 1 consisted of 6 
normal rabbits. Group 2 consisted of 6 rabbits 
that had been bled, by puncture of the femoral 
artery, to an amount approximating 1% of body 
weight. Group 3 consisted of 6 rabbits that had 
been injected intravenouslj’^ with heparinized 
whole rabbit blood in an amount approximating 
1% of the bodj’’ weight. Groups 2 and 3 were al- 
lowed 3 to 4 hours following the experimental pro- 
cedure before decompression was started. All' 
experiments were carried out at a rather high 
(26“-30° C.) room temperature. 

No significant difference was present between 
any of the groups. The average height attained by 
group 1 (control) was 28,666 ft. with extremes of 
30,000 ft. and 27,000 ft.; of group 2 (bled) was 
29,166 ft. with extremes of 31,000 ft. and 26,000 ft.; 
of group 3 (transfused) was 28,666 ft. with ex- 
tremes of 31,000 ft. and 27,000' ft. 

The results of ablation of the cingular region of 
the cerebral cortex. Wilber K. Smith. Dept, of 
Anatomy, The Univ. of Rochester School of Medi- 
cine and Dentistry, Rochester, N. Y. In monkeys 
(Macaca mulatta) bilateral ablation of the rostral 
part of the' cingular gyrus (mostly area 24 of 
Brodmann) results in temporary but definite al- 
terations of functions. Subsequent or simultane- 
ous removal of the caudal part of the cingular 
region does not seem to alter the results. For 
several day^s after the operation the animals aji- 
pear stuporous, and there is .a marked decrease in 
activity, the animal sitting for long periods of 
time with the head bent low. Often the head sinks 
down slowly and is then suddenly raised only to 
sink down again. Vocalization is increased in fre- 
quency, occurring apparently spontaneously, as 
well as on the slightest provocation. Contraction 
of the arrectores pilorum muscles causes a “goose 
flesh” appearance of the skin and also piloerection 
which is most pronounced over the upper part of 
the trunk and the upper extremities. Blowing on 
the erect hair causes a vigorous startle reaction 
as if there is an increased cutaneous sensibility to 
this type of stimulus. The animals appear less 
frightened when approached and, instead of 
running awaj" and crouching in the far corner of 
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tlio caRO, will now ta1«' food from ono’n Imml. Ilow- 
pvov, they will not ()i'rmit themselves to he 
hamlled. The dccreaseii activity and the excessive 
vocalization disappear in about a week, but the 
piloercction and the "tameness” piusist for many 
weeks. The results of these experiments are not 
in nsreement. with the fimUuns of Horsley and 
Schafer (ISSS) who reported tliat ablation of tiie 
cinpular gyrus resulted in a eoutralateral hemi- 
anesthesia. [Aided by n giniif from (he John and 
Mary R. Mnrkk /'oiDif/nffoii.l 
The results of stimulation of the uncus and ad- 
jacent portions of the hippocampal gyrus. Wiliuiu 
K. Smith. Dept, of Analomy. The Vniv. of Rmhes- 
ter School of Mrdirinv and Dentixlry, Rochester, 
K. r. The functional .significance of tlio hipiio- 
campal gj’rus and its hook-like termination tlie 
uncus is unknown. The fact that it has developed 
phylogcnetic.ally and emi-nyologicallv iit close 
association with the hippncam\>us and the basal 
olfactory cortex of tlie brain lias caused some in- 
vestigators to assign it to tlie rhinenccphalon, 
thus imputing to it an olfactory function. How- 
ever, the presence of a well develoiied hippocampal 
gyrus in the brain of the dolphin (Hroca, 1S7S) and 
in that of the porpoise (Langworthy, 1932), both 
of which lack olfactory nerves, bull) and tract, is 
strong evidence in favor of the view that the 
hippocampal gj'rus is concerned with functions 
other than, or in addition to, olfaction. 

In experiments on monkeys (Macnca mulatta), 
it has been found that electrical stimulation of the 
uncus and the adjacent part of the hippocampal 
gyrus produces vocalized responses siiniiar to 
those which the animal ordinarily emits. A char- 
acteristic feature of the response is its prolonga- 
tion beyond the period of stimulation. In .addition 
to vocalization, excitation of this region produces 
a marked decrease in the heart rate, accompanied 
by increased pulse pressure. In this instance also 
the effect outlasts the stimulation. The adminis- 
tration of eserine in adequate amount results in 
marked accentuation and prolongation of the 
cardiac inhibition resulting from the cortical ex- 
citation. That the cardiac inhibition is produced 
by impulses passing over the vagi is indicated by 
the similarity of the response to that obtained by 
excitation of the vagus nerve, and seems proven 
by the abolition of the response after section of 
the vagi. [Aided by a grant from the John and 
Mary R. Markle Foundation.] 

A- method of producing an artificial jaundice. 
F. E. Snai’p (by invitation), Tsan-weh Li (by 
invitation), J. E. Habegoer (by invitation) and 
A. C. Ivv. Dept, of Physiology, Norlhivestern 
Vniv. Medical School, Chicago, 111. When a water 
solution of the sodium salt of bilirubin was in- 
jected intravenously in an attempt to produce 
jaundice in dogs the bilirubinemia gave only the 


indirect van den Rergh reaction. The sodium salt 
of bilinibin added to blood jilasma in vitro also 
gave nn indirect reaction. When a certain excess 
of alkali was added to bilirubin in plasma a direct 
reaction resulted. When this plasma-bilirubin 
mixture was injected intravenously into dogs a 
direct -reacting bilirubinemia resulted. By a series 
of five injections of 50 mgm. of bilirubin each 
over a d-C hour period in ton cxpcrimentH on 0 
tlog.s we produced a jaundice in the dogs. Varying 
peak blood levels of bilirubin were obtained from 
Id-lS mgm. per cent. The level dropped ratudly 
during the first fewhour.s and afterward fell gradu- 
ally to about 0.5 mgm. per cent after a week. 

Three dogs were given a scries of injections of 
biliruliin-plasma mixture every 3 or -1 days for 
three weeks. A considerable Idood level of bilirubin 
was maintained and a marked icterus of the sclera 
Insteil during the injection period and for several 
weeks afterward. 

The dogs receiving a single series of injections 
and those receiving repeated injections over longer 
jicriods did not manifest any permanent damage 
of the liver as measured by Rose Bcngcl Clearance 
and blood scrum phosphatase levels. IT/iis study 
ico.s assisted by a grant from G. D. Scarlc & Co.] 

Experimental asphy’xia neonatorum. Fuankuk 
F. Snyoeu. Depts. of Anatomy and Obstetrics, 
Harrard Vniv. In observations on the mechanism 
of the tolerance to anoxia of the fetus at birth, 
the time of survival of newly born rabbits was 
determined following asphyxia by various meth- 
ods including ligation of the trachea. Tracheal 
ligation is a simple method for studying asphyxia 
under conditions simulating closely the accident.al 
impairment of the umbilical cord circulation in 
the course of birth. Instead of elimination of CO 2 
in the period of hyperpnea assotiiated with the 
onset of the breathing of nitrogen, no exchange is 
Iiossible, just as is the case when the fetus is in 
the birth canal. Whether or not the accumulation 
of CO; in the body under such circumstances is 
an added source of injury to the fetus has been de- 
bated frequently. Especially in connection with 
the rationale of resuscitation of apneic infants the 
question has been unsettled as to whether or not 
pure oxygen should be used rather than a mixture 
of 5% COj and oxygen. In the present observa- 
tions kymograph tracings of the respiratory move- 
ments were obtained in 85 newborn rabbits from 
45 litters which were selected at various stages 
from the time of onset of viability until the end of 
lactation. Results showed that there was no de- 
crease in the time of survival following tracheal 
ligation as compared with survival time in nitro- 
gen. In fact, following tracheal obstruction, 
respiratory movements continued for a longer 
period usually than in animals asphyxiated in 
nitrogen. 
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The effect of ions on the frog vascular system. 
C. R. Spealman. Dept, of Physiology, Medical 
College of Virginia, Richmond. In previous ex- 
periments concerning the effects of ions on the 
perfused heart, it M’as found that when the con- 
centration of any of the cations of Ringer’s solu- 
tion was outside its own characteristic concentra- 
tion range, certain non-specific depressant effects 
occurred. On the basis of these findings the concept 
of “normal concentration limits’’ was formulated 
and these limits were roughly defined. 

The present experiments represent an attempt 
to extend this concept to the perfused blood ves- 
sels of the frog. Three different perfusion prepara- 
tions were used: the whole frog, the hind legs, and 
the systemic arches. The perfusion fluid came from 
a Marriotte flask whose air inlet tube was so ar- 
ranged as to give pulsatile pressure. The procedure 
was to perfuse, with control Ringer’s solution for 
one-half hour, then with the experimental Ringer’s 
solution until a definite change occurred or until 
it was certain that no effect was to be expected, 
and finally with normal Ringer’s solution again. 

Preliminary results indicate that the perfusion 
rate is decreased (vasoconstriction) when the 
concentration of any of the cations (Na"^, K+, 
Ca++, H+) is too liigh or too low. The concentra- 
tion limits of the various cations for this effect 
appear to be similar to the “normal concentration 
limits” established for the perfused frog heart with 

I j exceptions, e.g., the lower concentration 

its for Ca"*^ and K'*' seem to be lower for the 

jod vessels than they are for the frog heart. 

Depressor effect of cold upon the static receptors 
of the labyrinth. E. A. Spiegel. Dept, of Exp. 
Ecurology, Temple Univ. School of Medicine, 
Phila., Pa. A u-shaped cannula introduced into 
the external and middle ear of decerebrate cats 
was perfused with water of from 3°-20°C. Water 
of 9° or below produced within a few minutes a 
decrease in the muscle tone of the homolatcral 
foreleg, causing a drooping of this leg, in some in- 
stances also the opposite foreleg showed a similar 
effect. This effect may outlast the calorization, but 
is reversible. Similar, although less pronounced, 
effects were observed in rabbits with intact brain, 
in supine position. The effect of unilateral cooling 
upon the posture of the head was demonstrated in 
- unanesthetized rabbits and in cats under bulbo- 
capnine catalepsy by keeping the perfused can- 
nula for several minutes in the external and middle 
ear and then quickly withdrawing it so that its 
weight did not influence the posture. The cold 
temporarily produced effects similar to those of 
unilateral labyrinthparalysis: a rotation of the 
head about the oro-occipital axis, the affected ear 
lying lower. The excitability of the cristao re- 
vealed no significant difference of the postrota- 
tory nystagmus in cats rotated before, and during, 


prolonged application of cold to both ears. Thus a 
depressor effect of cold could be observed only 
on static receptors influencing the posture of 
head and extremities (apparently chiefly the 
maculae), while such an effect upon the re- 
ceptors reacting to angular acceleration was not 
noticeable. [The work described in this paper ivas 
done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific 
Research and Development and Temple Univ.] 

The receptor mechanism of vestibulo-vasomotor 
reactions induced by rotation. E. A. Spiegel, 
M. J. Oppenheimek and H. T. Wvcis (by invita- 
tion). Depts. of Exp. Nenrology and of Physiology, 
Temple Univ. School of Medicine, Philadelphia, 
Pa. Two groups of experiments were performed. 
In the first series the round windows were bilater- 
ally punctured in cats. Following this operation, 
rotation failed to produce rhythmic ocular move- 
ments, while a i-eflex depression of the blood pres- 
sure could still be elicited by rotation of the body 
around a longitudinal or around a dorsoventral 
axis. Subsequent injection of a 2% alcoholic cocain 
solution into both labyrinths transitorily abol- 
ished the vasomotor reaction, indicating in agree- 
ment with previous extirpation experiments of one 
of the authors, that the receptor apparatus lies 
in the labyrinth. In a second group of experiments 
guinea pigs were subjected to centrifugation 
(method of Wittmaak; Magnus- de Kleyn). Fol- 
lowing this procedure the animals were tested 
during the stage in which the tonic labyrinthine 
reactions w'ere paralyzed. In this stage rotation 
was still able to produce a fall in blood pressure. 
Thus, paralysis of the receptors for labyrinthine 
kinetic reactions such as the rhythmic eye jerks, 
or of the receptors for tonic labyrinthine reflexes 
does not prevent the vasomotor reaction to rota- 
tion while cocain paralj'sis of the labyrinth abol- 
ishes this reaction. These experiments seem to 
indicate that this vasomotor reaction originates 
in receptors for kinetic as well as in receptors for 
tonic reactions. [The work described in this paper 
was done iinder a contract, recommended by the 
Committee on Medical Research, between the Office 
of Scientific Research and Development and Temple 
Univ.] 

Effects of electrically induced convulsions upon 
the brain revealed in the cerebrospinal fluid, hi. ‘ 
Spiegel-Aoolf (by invitation), E. W. Ashkex.vz 
(by invitation), A. J. Lee (by invitation) and E. A. 
Spiegel. Depts. of Exp. Neurology and of Colloid 
Chemistry, Temple Univ. Medical School, Phila- 
delphia, Pa. Epileptiform convulsions were in- 
duced in 25 dogs by alternating currents, the elec- 
trodes being placed in the conjunctival sacs. 
Before and after a series consisting of 1-15 con- 
vulsions, conductivity, total interferometric value 
(TIV) of the cerebrospinal fluid (CSF), P and K 
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content of serum ami CSF were (Iclcrniiiiccl 
(tabic), and in some animals the permeability of 
tbc blowl-liipior barrier was estimated by the 
uranine method. Tlie ratio of interferometric value 
of the iion-elcctrolytcs (lA’E) to that of the elec- 
trolytes (IE) was calculated from the conductivity 
and TIV. The following moan values were 
obtained: 



Conduc- 

tivity 

TIV 

tNE 

IE 

E 

(mg. 

fo) 

K 

(mg. 

W 

! olv) 

! "lU 

: 

UJ 

1 

Before con* 
vulsions 

i 1.39 X 10’- 

1 Sit 

1 

0.590 

1.72 

12. 

j 

3.4 

1.59 

After con* 
vulsions 

II.-IIXIO- 

527 

0.632 

1.90 

H.63 

3.05 

K61 

Significance of 
difference 
(probability 
integral) 

0.037 

<0.01i 

<0.01 

<0.02 

<0.01 

0.3 

0.13 


A statistical computation of the data showed that, 
following the convulsions, the total amounts of 
electrolytes (indicated by the conductivity), 

Iv and P content of the CSF were signifi- 
liS) 

cantly increased, while tlic permeability of the 

/ ser \ 

blood-liquor barrier for K and P ratio i 1 was 

not significantly altered. Nor could changes of 
permeability of the blood-liquor barrier, as a 
result of convulsions, be found by the tiranin 
method, in comparison with controls without 
convulsions. 

A theoretical study on the effect of aortic size on 
the ballistocardiogram. Isaac SxAnn. Research 
Dept, of Therapeutics, Univ. of Pcima., Phila. Con- 
sider an aorta of cross-section c divided into a 
series of n segments, the volume m of each equal- 
ing the cardiac stroke volume. The average sj's- 

dv 

tolic velocity in the aorta = v and ^ = a. Then 


the impact from each segment = ma, the total 
impact = [niiQ ju-q • ■ -ninaj. Now consider the 
effect of doubling the aortic cross section without 
altering stroke volume. Then the aortic velocity 

becomes i, the acceleration g, the impact of each 

^ it 


segment'^ This was visualized in our cardiac 

output formulae (Am, J. Physiol. 127: 1, 1939) and 
was the basis of the supposed need for estimating 
aortic size. 

But this conception neglects the fact that the 
enlarged aorta contains twice as much blood, and 
2ti segments. The sum of their impacts 


mi a 
2 


-p 


-p 


mjn 0 I 

= [tosO -p miQ -p ••• «tna]. 


Any change in aortic diameter cliangcs velocity 
and volume inversely; the effect on impact cancels 
out. 

This reasoning suggests that our cardiac output 
nictliod would be improved by ab.aiidoning the 
attempt to estimate aortic size in each subject 
and employing a constant instead. It suggests tliat 
wc have been overestimating the circulation in 
elderly ))or8ons relative to young ones, and to a 
less extent in large as opposed to small persons. 
The latter c.xplidns our finding that the average 
cardiac output of women was a little smaller than 
that of men (J. Clin. Invest. 19:437, 1940). But the 
new conception gives promise of removing a step 
subject to grave error from our procedure. 

The elTects of acetyl-beta-mclhylcholinc In hu- 
man subjects with localised lesions of the central 
nervous system. G. W. Stavu.aky and S. M. 
Fisnim (by invitation). Dept, of Physiology, Univ. 
of li'cstcrn Ontario Medical School and Westminster 
Hospital, London, Canada. In 11 male human sub- 
jects with lesions of the frontal lobe, with- and 
without involvement of tlie pyramidal system, in- 
tramuscular injections of S-10 mgm. of Mecholyl 
(Merck) administered with the patients in a re- 
cumbent position produced an asymmetrical 
response. A widespread erythema was observed 
with some blanching. The blanching was particu- 
larly pronounced contnilaterallj', often involved 
whole extremities and was followed by a delayed 
flush after the ipsilatcral erythema had subsided. 
During the reaction, which lasted 4-6 min. the 
contralateral extremities were colder than the ipsi- 
latcral ones; also there was an asymmetrical dis- 
tribution of sweating. In tlie early stages of the 
response a delay in the sensation of heat on the 
opposite side of the face and a transient dilatation 
of tlie contralateral pupil wore commonly noted. 
Occasionally the pupil became irregular in outline 
and did not constrict as readily to light as the ipsi- 
latcral one. Muscular tremors, hyperreflexia, an 
increase of spasticity, wrist and ankle clonus and 
prominence of pathological refle.xcs on the opposite 
side of the body charactorisod the later stages of 
the reaction. 

It was shown in animals (Stavraky, G. W., 
Trans. Roy. Soc. Canada, vol. 37, sect. 5, p. 127, 
1943) that, in accordance with Cannon’s “Law of 
Denervation’’ a permanent sensitisation to acetyl- 
choline takes place in neurones which were directly 
connected with surgically removed parts of the 
brain. A similar sensitisation of certain regions of 
tlie nervous system to acetyi-beta-methylcholine 
in human subjects can account for the present 
results. 

The effects of conditions similar to high altitudes 
on coion size in dogs. F. R. Steggebda and A. 
B. Tayeok (by invitation). Dept, of Physiol- 
ogy, Univ. of Illinois, Urbana. Dogs with co- 
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Ions previously made permanently opaque to 
x-rays with thorium dioxide (Thoratrast) were 
• subjected to negative pressures corresponding to 
altitudes of 15,000 to 35,000 feet for varying periods 
of time (5 to 60 minutes). In experiments lasting 
more than 30 minutes, oxygen was supplied. The 
dogs were starved for 25 hours previous to the 
time of the experiment so that the colon might be 
free of fecal material. X-ray pictures of colon size 
at various altitudes were taken and the area meas- 
ured by means of the planimeter. Twenty-four 
different experiments were performed using ten 
dogs. In all cases Nembutal anesthesia was used. 

An examination of the data obtained shows that 
colon size is not altered appreciably up to altitudes 
of 20,000 feet, whereas above this level a progres- 
sive increase in size was observed in most cases. 
In four cases no ballooning was observed at high 
altitudes, but when known quantities of gas were 
injected into the colon by way of the rectum, a 
marked distention occurred at high altitudes. 

Further examination of the data shows that 
there is a tendency for the colon size to decrease 
with time after the desired altitude is reached and 
maintained. Evidence that this is not due to the 
absorption of the gas bj"^ way of the mucosa, but 
rather due to excretion by way of the rectum is 
reported elsewhere. Peristaltic activity was ob- 
served to be more marked below 27,000 feet than 
above. 

The recovery of the cut surface of the scallop 
:le. li. B. Steinbxch and N. K.wata (by 
..^—ivitation). Dcpl. of Zoology, Washington Uniti., 
Louis. The rate at which a cut surface of the 
scallop muscle changed to restore the normal mem- 
brane conditions as indicated by the injury poten- 
tial was measured by methods already outlined in 
general (Steinbach, Jour. Cell, and Comp, Phys- 
iol., vol. 3, p. 203, 1933). Since the initial change is 
nearly linear, with time, the time in minutes for 
the first 10 millivolts change is used as a conven- 
ient experssion of rate. In normal sea water, the 
10 millivolts time ranged from 10 to 14 minutes. 

Confirming earlier studies, excess calcium in sea 
water increases the rate (2-3 min.). Other agents 
causing comparable increases (in rate upon pro- 
longed soaking of the muscles were iodoacetic acid 
(6.5 min. at 0.001 M, 3 min. at 0.04 M), and inter- 
mediate concentrations of phenyl urethane (4-7 
min. \ saturated solution). Ca-free solutions, cal- 
cium precipitants (oxalate and fluoride) and satu- 
rated phenyl urethane caused marked decreases in 
rate (50 min. or longer) also decreasing though not, 
as a rule stopping the effects of subsequently ap- 
plied calcium or iodoacetatc. 

The effects of the agents are consistent with the 
known phenomena of membrane repair (see Hcil- 
brunn. Outline of General Physiology) except those 
of iodoacetatc. Concentrations of iodoacetatc were 


high enough presumably to inhibit both oxidation 
and glycolysis. Other agents that might be ex- 
pected to act on enzyme systems through sulf- 
hydryl groups (p-phcnylcnc diamine, copper salts, 
ferricyanide) were without effects as were suc- 
cinate and pyruvate. It is probable that the iodo- 
acetate effect is specific on the membrane forma- 
tion and not related to its usual metabolic effects. 

Rectification and injury potential in squid axons. 
H. B. Steinbach, S. SriEGELVtAN (by invitation) 
and N. Kawata (by invitation). Dept, of Zoology, 
Washington Univ., St. Louis. The apparent re- 
sistance of the single giant axon to d.c. currents 
of short duration was measured by a simple wheat- 
stone bridge device, electrodes being applied at an 
uninjured region and an injured end in isotonic 
KCl solution. The difference in resistance with 
current flow inwardly and outwardly directed was 
taken as a measure of rectification, presumably by 
the axon membrane. In accordance with findings 
of previous workers the resistance is lower when 
the cathode is at the uninjured region, the differ- 
ence between the two orientations of electrodes 
depending on the current flow among other things. 

Change in rectification and injury potential 
measured on the same preparations and nearly 
simultaneous were recorded as the ionic environ- 
ment was altered. At low concentrations of potas- 
sium, changes in potassium content had little 
effect on rectification but caused a marked de- 
crease in injury potential. Potassium in concentra- 
tions increased above that of normal sea water 
caused the decrease in injuiy potential reported in 
other studies and also caused a very drastic fall 
in rectification. 

Calcium, in wide range of concentrations, had 
little effect on injury potential, but caused impres- 
sive increases in rectification frequently more than 
doubling the rectification at calcium concentra- 
tions two to three tiipes that of normal sea water. 
Excess calcium also tended to prevent the drop in 
rectification due to excess potassium although 
having little effect on the decrease in injury poten- 
tial. It seems reasonable that rectification should 
be a measure of membrane stability, probably bet- 
ter than the injury potential which is less sensitive 
to environmental changes. 

Intestinal absorption during histotoxic anoxia. 
J. Clifford Stickney (by invitation), D.avid W- 
Northup and Edward J. Van Lierb. Dept, of 
Physiology, School of Medicine, West Virginia 
Univ., Morgantown. The absorption (during 40 
min.) of Cl, Na, SO; and fluid from 100 cc. of a solu- 
tion of -i isotonic NaCl and i isotonic NasSOj in 
Moreau loops (lower 45 to 60 cm. of the small intes- 
tine) in 20 fasting, paired, barbitalized dogs was 
determined. In the experimental animals KCN 
was injected by vein intermittently and sympto- 
matically to produce during the absorption period 
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a maikcfl docrcasp in the oxygon consmnpUon 
which was nicnsurcd in both experimental and 
control animals with a Saiuiborn basal metabolism 
apparatus. Carotid blood pressure was recorded 
directly throughout. Cl was determined by the 
Van Slyhc modification of the Volhnrd method, 
Na by the Puller and Tuthill method and SO4 
gravimctrically. 

The average reduction of oxygen consumption 
in the experimental dogs ranged from 13 to 'IS per 
cent. In these dogs the KCN produced a marked 
depression of the blood iircssure; this variable was 
uncontrolled. 

. The per cent absorption in control and experi- 
mental dogs respectively was S2 and 7C of the Cl, 
62 and 53 of the Ka, 27 and 30 of the SO^ and 58 and 
CO of the fluid. The final concentrations of Cl in the 
fluid in the loops of the control and experimental 
dogs were 30.9 and 42.4 ni. etj./l. respectively, 
while those of the other ions were practically' the 
same in both groups. Histotoxic anoxia produced 
no statistically significant differences under the 
conditions of the cxporimoiits. 

Emotional effects of oral examinations upon blood 
pressure and pulse rate. G. A. T.\LBi:nT. Dept, of 
Physiology, Univ. of North Dakota. For the pur- 
pose of determining the emotional effects on blood 
pressure and pulse rate, tests were made on physi- 
ology medical students appearing for individual 
oral examinations lasting on an average of fifteen 
minutes. 

There were selected 70 different male students, 
and in all, 323 experiments were performed. Deter- 
minations were made on the systolic and diastolic 
pressures immediately liefore and immediately 
after the e.xami nation, likewise the pulse rate. 
Comparisons were made with the normal. Any 
change of less than 3 mm. pressure was disre- 
garded. 

Before the examination there was a rise in 61 per 
cent of the cases and 62 per cent of the cases after 
thee.xnminafion. Either before or after there was 
a rise in SO per cent of the cases. 

In the diastolic pressure there was a rise of 23 
per cent of the cases either before or after. Quick- 
ening of the jjulso rate was more manifest but with 
no apparent correlation with blood pressure. At- 
tempt was made not to unduly excite the student 
as so commonly noted by a cross examiner in 
courts of law. 

Studies of the activity of the dog’s colon following 
the administration of gas. A. B. Taylok (by invi- 
tation) and F. R. Steggekda. Dept, of Physiol- 
ogy, Univ. of Illinois, Urbana. In these experi- 
ments dogs with colons made previously opaque to 
x-rays with thorium dioxide (Thoratrast) were 
used. Alterations in size of the colon were recorded 
on x-ray films, and the areas measured by means of 
the planimeter. The injection of the gas (room air) 


into the colon was done by cementiiig an impro- 
vised rubber funnel to the anus. By means of fi 
burette and manometer attachment to the funnel, 
it was possible to record the amount of gas both 
administered and c.xcrotcd by way' of the rectum, 
ns well ns the motility' and pressure alterations 
accompanying such changes. Nembutal anesthesia 
was used, and the observations wore made ott 5 
dogs for 12 different experiments. In all cases the 
colon was empty before starting the experiment. 

The results show that when 60 to 100 cc. of gas 
arc administered there is an appreciable increase 
in colon size which remains this same size or cvqn 
increases for a period of one to two hours, provided 
the gas is not allowed to escape by way of the rec- 
tum. Upon releasing the clip on the rubber funnel, 
we were able to collect an average of 85% of the 
gas administered. This gas was usually expelled in 
large quantities at first, but often continued to 
esc.ape in smaller quantities for two to three hours. 
These observations indicate that under these con- 
ditions little or no gas is absorbed directly by' w.ay' 
of the colon mucosa. 

In experimenfs where pressure and motility 
changes were measured following the gas adminis- 
tration, there occurred variations in pressure from 
4 to 35 cm. of wafer. The increase in pressure corre- 
sponded with marked contractions of the colon. 
In experiments in which an antispasmodic drug 
w.as administered intravenously, both motility and 
pressure were markedly reduced, and colon size 
was increased. 

The quantitative relationship between the colloid 
osmotic pressure of blood plasma and the A/G ra- 
tion. Henry Longstreet Taylor (by invitation) 
and Ancel Keys. Lab. of Physiological Hygiene, 
Univ. of Minnesota, Minneapolis. The colloid 
osmotic pressure effects of the known impor- 
tant factors in blood plasma are cov'cred in the 
following theoretical equation: 

„ \Qaa'Go‘RT , ^^IQag-Co-RT 

I —• — — — — - - “ 

Via. mg 

where the subscripts a and g stand for albumin and 
globulin respectively; Pis the colloid osmotic pres- 
sure in mm Hg; C is the protein concentration in 
grams per 100 co. water; m is the molecular weight 
of the protein; a is an osmotic activity coefficient 
which includes the Donnan effect, hydration of 
the proteins, etc.; A is a dissociation factor for 
globulin in the presence of albumin at concentra- 
tions of 0 to 3.5 grams of total protein per 100 cc. 
water; /S is an additional dissociation factor for 
globulin at higher concentrations of total protein; 
and R and T have their usual significance. Values 
for m and a were derived from separated solutions 
of albumin and globulin; A and /S on various di- 
luted plasmas, the point of reference being the 
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Xa;SO< A/G ratio. Thus A and /3 include the error 
inherent in this method. The equation can be put 
into the followdng usable form: 

P = 2.74 Co + Fo-Ca 

where Fg varies with the A/G ratio and the total 
protein concentration. This equation has been 
tested on the colloid osmotic pressures of human 
and bovine plasma obtained in this Laboratory 
and the data of Weiss and Peters (human). It has 
been found to give satisfactory predictions (stand- 
ard de\dation = ±2.9 mm. Hg). 

Alloxan-induced diabetes in rats. E. Thorogoou 
(introduced by E. B. Astwood). Dcpts. of Pharma- 
cology and Medicine, Harvard Medical School, 
Boston, Mass. Observations on rats treated with 
alloxan monoh 5 ’'drate have confirmed recent re- 
ports that alloxan parenterally administered to 
various laboratory animals injures pancreatic in- 
sular tissue and induces symptoms of diabetes: 
hyperglycemia, glycosuria, polyuria, polydipsia, 
with or without ketonuria. 

Of 10 rats receiving subcutaneously in divided 
dosage a daily total of 20 mgm. per hundred grams 
bodj" weight of alloxan for one to four days, 3 
developed glycosuria by the eighth day. Of these, 
a female bore a normal litter and is alive after 172 
days, excreting approximately 4 grams of sugar 
daily; a male recovered within two months and 
reacted negatively to a scries of stilbestrol injec- 
tions. The third developed an infection and was 
discarded. Five of the group appeared unaffected; 

died on the fourth day with findings indetcr- 
faBiate. Of 50 rats receiving one injection of 20 mg. 
liundred grams, 30 died within a week, 10 were 
unaffected, and 10 developed a characteristic, pro- 
longed, diabetic course terminating in dehydra- 
tion, anuria and death. Of 6 rats receiving one- 
half this dose, 5 were unaffected. The sixth fol- 
lowed a cyclic course, excreting for the first two 
months a daily average of G grams of sugar, during 
the third month — 0.8 gram, and at the start of the 
fourth — 1 grams. Of 6 rats receiving daily 5 mg. 
per hundred grams, 4 exhibited gljmosuria in four 
weeks. 

Compounds of related chemical structure in- 
cluding uric acid, violuric acid, uramil, parabanic 
acid, benzalbarbituric acid, and 4-amino, 2-thio- 
uracil failed to produce comparable effects. 

Anfithromboplastin (or anticephalin) activity of 
normal and hemophilic plasmas. Eb.^noro AI. To- 
c.vxTixs. Division of Hematology, Dcpl. of Medi- 
cine, Jefferson Medical College, Philadelphia. The 
clot delaying effect of incubation of plasma with 
homologous tissue extracts is onlj* an underestima- 
tion of plasma antithromboplastin activity. Since 
it is the cephalin moiety of the thromboplastic 
lipoprotein that is vulnerable to the plasma .anti- 
thromboplastin (Tocantins — Proc. Soc. Exp. llio. 


and Aled. 54: 94, 1943), the response of a given 
plasma to a standard solution of human cephalin 
may serve as an indication of the antithi’ombo- 
plastin (or anticephalin) activity of that plasma, 
other factoi’s being equal or under control. 

Dilution of plasma (up to 20 per cent) reduces 
its anticephalin content and enhances the clot 
accelerating action of the cephalin, even though 
prothrombin is simultaneously reduced. Extreme 
dilution diminishes and eventually effaces the dif- 
ference in behavior toward cephalin between nor- 
mal and hemophilic plasmas. Certain standard 
solutions of cephalin must be diluted 40 to 60 times 
in order to produce on normal plasma the delaj^ed- 
clotting time observed on hemophilic plasma 
treated with the undiluted cephalin. 

Anticephalin is removed from both plasmas by 
dialysis (1 part plasma vs. 50 parts H 2 O, closed 
Visking 8/32 “Nojax” casings, 12 hours.), or con- 
tact for 3-4 hours (10 mgms. per cc. plasma) with 
infusorial earth, asbestos fibres, pumice stone or 
“filter cell.” 

Effect of epinephrine on the synthesis of acetyl- 
choline. Cl.vka Toud.v and Harold G. Wolff. 
Neiv York Hospital and the Dcpts. of Medicine 
(Hcurology) and Psychiatry, Cornell Univ. Medi- 
cal College, New York, N. Y. Stimulation of the 
sympathetic nervous system or administration of 
epinephrine is often followed by evidence of stimu- 
lation of the paras 3 -mpathetic nervous system. 
Epinephrine inhibits choline esterase (Waelsch and 
Rackow, Science 96: 386, 1942) producing an in- 
creased effectiveness of acetylcholine. In the fol- 
lowing it was ascertained whether the presence of 
epinephrine modifies the synthesis of acetylcholine 
in vitro. 

The sjmthesis of acetjdcholine was studied fol- 
lowing the method of Quastel, Tennenbaum and 
Wheatlej'- (Biochem. J. 30: 1668, 1937). Uniform 
samples of homogenized fresh frog brains were 
used as a source of the enzyme, while human serum 
or human spinal fluid and the frog brain itself 
supplied the substrate. The amount of free and 
total acetylcholine sjuithesized in the presence or 
absence of epinephrine was assayed biologically 
using the sensitized rectus .abdominis muscle of 
frog. 

Epinephrine in concentrations from 1.10~® in- 
creased the synthesis of acetylcholine by 40 to 250 
per cent above the control. This- increase in syn- 
thesis is probably due to the property of epi- 
nephrine to form a reversible redo.x system. 

Assuming that similar events may occur in the 
bodj', it is likely that the succession of manifesta- 
tions of stimulation of the sj^mpathetic nervous 
system by evidence of stimulation of the para- 
symipathctic nervous system is due to both an 
increase in synthesis of acetylcholine, and an 
inhibition of choline esterase. 
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ICfTccI orvitaininc Bi niid rcintcd compounds on the 
striated muscle. C'i.aua Touda and llAnonn G. 
WoLFK. AVir York Ilnspilal and the Dcplf. of 
Medicine (ycurology) nnd J'si/chinlnj, Coniell 
Univ. Medical College, Xcw York, A\ Y. Minz 
(Compt. rend. soc. biol. 127: 1251, HtJiS) observed 
that cholinerRic nerves lilx'ratc both tinainine 
chloride and acctylcliolino wlicn stimulatcdi From 
this observation v, Muralt (N’aturvis. 27: 205, 
1039) postulated that vitamine lb nniy have some 
direct elToct on llic contraction of striated muscles 
followinp: tlie stimulation of tlie motor nerves. 
.■Vcetylcholinfc and thiamine chloride may have 
similar cfTccts as both arc quaternary ammonium 
compounds containiiiR a free hydroxyl Rroup. Fur- 
thenuoro. vitamine lb is a competitive inhibitor of 
the choline esterase (Click and Antropol, Proc. 
Soc. Exper. Biol, nnd Med. -12: 390, 1939). Tlie 
purpose of the following investigation was to 
ascertain whether vitamine lb and related com- 
pounds have a direct cITcct on one of the effector 
cells, the striated muscle of frog, and whether they 
modify the contraction induced by chemical 
agents such as acetylcholine and potassium. 

Thiamine chloride, thiamine pyrophosphate, 
nnd acetylthiamine do not induce a contraction 
of the muscle in concentrations lower than S.IO'^M 
in a period of 3 minutes. Low concentrations do not 
increase the ctTcct of acetylcholine in inducing 
muscle contraction; higher concentrations may 
depress the effect of acctylcliolino. suggesting that 
the thiamine compounds interfere with the action 
of acetylcholine. 

The thiamine compounds in concentrations from 
1.10~' to 5.10’’]\I increase the effect of potassium 
in inducing muscle contraction. This effect is prob- 
ably due to the action of thiamine compounds on 
the metabolism of muscle. 

The above observations may throw some light 
on the mechanism of action of vitamine Bi in regu- 
lating the contraction of muscle. 

Effects of referred somatic pain on structures in 
the reference zone. Janet Thavell, Ch.ahles 
Berhy and Noeton Bigelow (introduced by 
McKeen Cattell). Dcpls. of Pharmacology and 
Anatomy, Cornell Univ. Medical College, New 
York, N. Y. Skeletal muscles may e.xhibit “trig- 
ger points” or tender areas, pressure on which 
induces referred pain. 

Lewis and Kellgren showed that referred so- 
matic pain following injection of hypertonic saline 
produces tonic contraction of muscles in the refer- 
^ence zone. We have demonstrated that this phe- 
nomenon applies to referred pain induced by pres- 
sure on spontaneous “trigger points.” In these 
experiments action potentials, recorded by the 
cathod ray oscillograph from electrodes inserted 
into a muscle (deltoid) in the reference zone, 
always appeared in association with a pain over 


the front of the shoulder induced by pressure on 
an irritable infraspinatus muscle, although the 
subject was able to relax eomidotcli' as shown by 
ab.sence of action potentials from other muscles in 
the arm (bicejis and triceps) not in the referenee 
zone. 

The amplitude of pulsation of the tcmiior.al 
arteries was measured by means of .a tambour in 
live subjects with “trigger points” in the neck 
muscles which gave i)ain referred to the forehead 
or to the temple. Pressure jiain was associated 
with vasoconstriction of the temporal artery on 
the side to which it was referred, and release of 
pressure with immediate disai)|)oarnncc of jiain 
and a transient vasodilatation. The temporal 
artery on the side opjiosite from the referred iiain 
was similarly constricted, but there was no subse- 
quent vasodilatation. Pain in the arm iiroduced by 
ischemia, needling or in-ossurc on a “trigger point ” 
likewise produced vasoconstriction but negligibli 
or no vasodilatation of the temporal artery. 

Thus, referred muscle jiain induced by pressuri 
produces specific localized responses involving not 
only skeletal muscle but also arteries in the refer- 
ence zone. 

The effect of chromatolysis on o.xygen consump- 
tion in the spinal cord of the guinea pig. Kodbiit S. 
TcRNEn and MAiiOAnicT L. Turner (introduced 
by V. E. Hall). Dept, of Anatomy and Dept, of 
Physiology, Stanford Univ., Calif. Using inano- 
metric methods, determinations were made of the 
oxj'gen consumption of segments L5 to S3 of the 
spinal cords of various groups of guinea pigs, as 
follows; 1, a normal control group; 2, a group in 
which bilateral chromatolysis of anterior motor 
horn cells had been induced by section of both 
sciatic nerves fifteen d.ays previously; 3, a group 
in which the number of anterior motor horn colls 
had been depleted by bilateral section of the sci- 
atic nerves three months previously; 4, a group in 
which unilateral chromatolysis had been induced 
by section fifteen days previously of the sciatic 
nerve of only one side; 5, a group in which the oxy- 
gen consumption was measured on the first, sec- 
ond, third, etc., day following bilateral section of 
the sciatic nerves. The group with bilateral chro-' 
matolj'sis showed a depression of oxygen consump- 
tion to a level significantly below the normal. 
Similarly, the group in which both sciatic nerves 
had been sectioned three months previously 
showed a depression of the same order of magni- 
tude. In the group in which unilateral chromatoly- 
sis had been induced- the oxygen consumption of 
both the chroma tolysed halves and the unoperated 
halves of segments L5 to S3 fell within the range 
of values exhibited by the bilaterally chromato- 
lysed group; comparison of the operated with the 
unoperated halves revealed a difference in oxygen 
eonsumption which was not statistically signifi- 
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cant. Twenty-four hours after bilateral section of 
the sciatic nerves the oxygen consumption of seg- 
ments L5 to S3 fell within the normal range, at 
forty-eight hours it approached and at seventy- 
two hours it reached the depressed range seen in 
the group with bilateral chromatolysis. From these 
data it would appear that neither the number of 
chromatolyzed anterior motor horn cells of seg- 
ments L5 to S3 as previously determined by Turner 
(J. Comp. Neurol. 79: 73, 1943) nor the consequent 
decrease in actual number of these cells can ade- 
quately account for the lowered oxygen consump- 
tion observed fifteen days and ninety days, respec- 
tively, after section of the sciatic nerves. 

The effect of anemic anoxia on peristalsis of the 
small and large intestine of the dog. Edward J. 
Van Liere, David W. Northdp and J. Clifford 
Stickney (by invitation). Dept, of Physiology, 
School of Medicine, West Virginia Univ., Morgan- 
town. The colon of lightly barbitalized dogs was 
exposed by a midline incision, and the movements 
of the longitudinal muscles recorded. After a nor- 
mal tracing had been obtained, the animals were 
subjected to successive hemorrhages as follows: 
1.5, 0.7, 0.8 and 0.5 per cent of their body weight. 
Some animals withstood even greater hemor- 
rhages. An interval was allowed between each 
bleeding, and most of the e.xperiments were con- 
ducted over a period of about 4 hours. 

In the majority of the animals the contractions 
of the muscles were affected, as evidenced by dimi- 
nution in the height and frequency of contraction, 
after the animals had lost an amount of blood 
equivalent to about 2.2 per cent of their body 
weight. Severe hemorrhage practically abolished 
the contractions, although an occasional animal 
appeared to be highly resistant. 

The effect of hemorrhage (20 per cent of the 
calculated blood volume) on the motility of the 
small intestine was studied on dogs. The experi- 
ments were rigidlj^ controlled. A powdered char- 
coal-acacia mixture was given by stomach tube, 
and 30 minutes later the animal was sacrificed. In 
S control animals 54 per cent of the gut was trav- 
ersed, and in 9 hemorrhaged animals 73 per cent. 
This suggests that the motilitj^ of the small intes- 
tine was increased following hemorrhage, but the 
figures were not statistical!}'- significant. Further 
work is in progress on this problem. 

Kidney size in relation to hypertensive effect in 
e.xperimenfal renal h}pertension. G. E. Wakerlin, 
AV. G. Moss (by invitation) and M. L. Goldberg 
(by invitation). Bepl. of Physiology, Univ. of Illi- 
nois College of Medicine. Despite good experi- 
mental evidence that renal blood flow may be nor- 
mal in experimental renal hypertension following 
constriction of the renal arteries (Corcoran, A. C. 
and I. H. Page. Am. J. Physiol. 135: 361, 1942), 
some clinicians treat selected hypertensive pa- 


tients with one atrophic kidney by unilateral 
nephrectomy on the false assumption that renal 
ischemia is basically involved in the mechanism 
of experimental renal hypertension. 

We have studied the size of the kidney in rela- 
tion to its hypertensive effect in six dogs with 
moderate levels of hypertension following bilateral 
renal artery constriction four to twelve months 
previously. External palpation under anesthesia 
or inspection at laparotomy showed one kidney to 
be normal or near normal in size and the other 
approximately two-thirds normal size. Removal of 
the normal sized kidney from three of the dogs 
resulted in a prompt significant decrease in blood 
pressure in each case. Removal of the smaller kid- 
ney from the other three dogs caused no significant 
change in their pressure levels. Both groups of 
dogs were followed for four months subsequent to 
nephrectomy. 

The results of this preliminary study suggest 
that in e.xperimental renal (Goldblatt) hyperten- 
sion, a normal or near normal sized kidney is 
more effective hypertensively than a moderately 
atrophic kidney. [Aided by a grant from the John 
and Mary R, Marhle Foundation.] 

Treatment of spontaneous hypertension in the dog 
with renal extracts. G. E. Wakerlin, M. L. Gold- 
berg (by invitation) and W. G. Moss (by invita- 
tion). Dept, of Physiology, Univ. of Illinois College 
of Medicine. One of us and others (Fed. Proc., 2: 
52, 1943) previously reported that the blood pres- 
sures of two dogs with spontaneous hypertension 
were significantly decreased by a four months' 
course of partially purified hog renal extract con- 
taining renin given daily and intramuscularly in 
a dose of 1 and 2 grams of fresh renal cortex equiva- 
lent respectively per kgm. of body weight. 

We have since treated one of these two hyperten- 
sive dogs with a course of more highly purified bog 
renal extract containing renin in a 3 gram dose and 
later with hog liver extract prepared after the 
manner of partially purified hog renal extract in a 
3 gram dose. The second hypertensive dog has 
since received a course of partially purified dog 
renal extract containing renin in a 3 gram dose. A 
third spontaneously hypertensive dog was given a 
course of heat-inactivated partially purified hog 
renin in a 3 gram dose. With each course of treat- 
ment there appeared to be a significant decrease in 
blood pressure with a gradual return to the pre- 
treatment hypertensive levels during the three to 
five months following treatment. No toxic effects 
were observed. 

The results suggest that spontaneous hyperten- 
sion in the dog resembles e.xperimental renal 
hypertension in the same species not only in its 
response to partially purified hog renal extract 
containing renin but also in its response to more 
highly purified hog renal extract containing renin 
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nml licnt-innctivalcd partiiilly purincd liog renin 
both of wliic-li arc iintiliypertcnsivc in experi- 
mental renal hypertension (Fed. Proc. 2: 51, 1913). 
The results also suggest that spontaneous hyper- 
tension in the dog is more responsive to tissue 
extracts than experimental renal lij'pcrtension 
since, contrary to the former, tlic latter hyperfen- 
tion showed no therapeutic response to the par- 
tially purified dog renal extract or to the hog liver 
extract (Fed. Proc. 2: 51, 1943). (Aided hy grants 
from the John amt Mary I!. Marhh Foundation and 
Parke, Davis and Company. I 
Proximo-distal fluid convection in nerves, 
demonstrated by radioactive tracer substances. 
Paui, Wniss, llsi IV.vNO (by invitation), A. Cncii. 
T-VYI.ok (by invitation) and M.vc I’. Enns, Jn. 
(by invitation). Dept, of Zoology, The Unit’, of 
Chieago. Color indicators injected into rat nerves 
demonstrate a jiroximo-distal shift of tlic endo- 
neurial diffusion field (see preceding note). Cor- 
roborative evidence was obtained in rat and guinea 
pig nerves with the use of radioactive sodium 
chloride and cupric chloride. A minute pellet of 
these substances was deposited by means of a 
micropipetto inside the nerve in situ. .After 3 to 48 
hours, the nerves were excised, dried and cut into 
pieces of equal length (mostly 5 mm.). The concen- 
tration of radioactive contents at various dis- 
tances from the injection site was determined by 
e.xposing these fragments successively to a Geiger 
counter. Usually fragments from identical levels of 
sever.ll nerves were lumped. Corrections were 
made for background radiation. Radiation intensi- 
ties were then compared between proximal and 
distal samples equidistant from the injection 
point. In 33 out of 34 such pairs from 29 different 
nerves injected with cupric chloride, the distal 
• samples contained significantly greater amounts 
of the substance than corresponding proximal sam- 
ples. In 43 nerves injected uith sodium chloride, 
the differential was in favor of the distal samples in 
20 out of 21 pairs. 

The results prove a gradual distad shift of the 
diffusion field in rat and guinea pig nerves. This 
shift occurs even in the absence of blood circula- 
tion, but not after cutting or excising the nerves. 
A rabbit nerve gave inconclusive results. \\Vork 
done under contract, recommended hy the Committee 
on Medical Research, between the Office of Scientific 
Research and Development and the University of 
Chicago- also aided by the Dr. Wallace C. and 
Clara A. Abbott Memorial Fund of the University 
of Chicago.] 

Proximo-distal fluid convection in nerves, dem- 
onstrated by color indicators. PAtri, Weiss and 
Hsi W.VNG (by invitation). Dept, of Zoology, 
The Univ. of Chicago. The proximo-distal seepage 
of endoneurial fluid, originally assumed from ob- 
servations on edema in constricted nerve (Weiss 


(A 

1943), has been more directly demonstrated by the 
following experiments on rat nerves. 

Particles of Chinese ink, injected into intact 
nerves in the living animal, move farther distad 
than proximnd (40 cases). More conspicuous dif- 
ferences wore obtained with the Prussian Blue 
reaction. After receiving a localixcd injection of a 
minute amount of potassium fcrrocyanide, the 
nerve was left in situ for several hours, then ex- 
cised and transferred to ferric chloride for 
Prussian Blue assay of the spread of the injected 
substance. Of 31 nerves c.xamincd between J and 
3} hours, 11 showed symmetrical diffusion, 2 a 
slight proximal c.xccss, and 18 a markedly greater 
spread distad than proximnd (averaging 7.1 and 
3.8 mm., respectively). Nerves transected, ligated 
or excised at the time of injection developed no 
such differential. 

In further experiments, a solid crystal of potas- 
sium fcrrocyanide (cca. 0.1 mg.) was embedded in 
the nerve; otherwise same treatment ns before. 
Of 51 treated nerves, 4 showed a slight pro.ximal 
surplus. The remaining 47 gave the results listed 
below. The table also lists 28 control experiments 
with nerves cut at the time of injection. 



The figures demonstrate the gradual distad shift 
of the whole diffusion field in the intact nerve at a 
rate of cca. 1 mm. per hour. [Work done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Development and the University of Chicago-, 
also aided by the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the Univ. of Chicago.] 
Urinary and salivary flows under desert condi- 
tions. J. H. Wills and J. J. Kelly (by invitation) . 
Depts. of Physiology and of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, 
The Univ. of Rochester, Rochester, N. Y. Alen 
drinking tap water ad libitum during laboratory 
exposures to high temperature (112° to 125°F.) 
and low relative humidity (6 to 20 per cent) lost 
an average of 1.5 per cent of their initial body 
weights, and produced daily an average of 709 mis. 
of urine; men deprived of water during the same 
exposure, and accordingly losing up to 11 per cent 
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of their body weights, had an average daily 
urinary volume of 714 mis. Urine flow decreased 
and urine specific gravity increased with exposure 
to heat. Dehydrations ranging from two to eleven 
per cent of body weight had no progressive effects 
on urine flow and specific gravity. 

Men living under conditions of high temperature 
and low relative humidity either in the desert or 
in the laboratory had 24-hour urines of low volume 
(av. 907 mis.) and high specific gravity (av. 1.028). 
This may indicate that such an environment re- 
sults in an unrecognized deficit of body water, so 
that men living in the desert are always slightly 
dehydrated. 

Stimulated salivary rate (paraffin chewing) 
varied inversely with deficit of body weight (cor- 
relation coefficient of 0.74), and seemed to ap- 
proach zero at a dehydration of about 8 per cent. 
The secretion of saliva by dehydrated men could 
be increased markedly by oral administration of 
pilocarpine but without significant alleviation of 
thirst, indicating that this sensation is not caused 
by pharyngeal dryness alone. 

Salivary flow is believed to be a useful index of 
loss of weight by the body during dehydration, 
whereas urine flow and specific gravity are thought 
to have little value as indices of deficit of body 
water. [Tf^orfc done under contract, sponsored by 
CMR, between OSRD and The Univ. of Rochester. 
Field studies were made possible by various units 
of the U. S. Army.] 

Effects of “nitrite” vasodilators on blood pres- 
sure. J. H. Wills, J. C. Weaver (by invitation) 
and H. C. Hodge. Dept, of Biochemistry and 
Pharmacology, School of Medicine and Dentistry, 
The Univ. of Rochester, Rochester, N. Y. Sodium 
nitrite, nitroglycerine, erythrol tetranitrate, man- 
nitol hexanitrate and a placebo were each given 
orally in usual clinical doses to patients with 
normal and elevated blood pressures. Blood pres- 
sure determinations were made at brief intervals 
until the effect of the drug was over. Fifty-one 
per cent of the patients given drugs had a fall of 
systolic pressure, while only 23 per cent showed a 
lowering of diastolic. The systolic fall was usually 
greater than the diastolic. None of the subjects 
had any significant change after the placebo. 

The table summarizes the effects of the four 
drugs on the systolic pressure of hypertensive 
patients. The average fall in the blood pressure of 
normal patients after a drug was up to 10 mm. less 


Urus ^ 

Dose 1 
(em.) 

Fall 

(mm.) 

Lat- 1 
ency 
(mins.) 

Dura- 

tion 

(mins.) 


0.1.’? 

21 


62 

20 

256 

252 


O.OOG 

16 ' 

2 


O.OIG 

14 

35 


0.032 

12 

55 - 



than the corresponding figure for hyperten- 
sive ones. 

In contradistinction to this wide variation of 
effect on oral administration, intravenous injec- 
tion of 1 mg/kg of the same four drugs into cats 
produced falls in blood pressure of appro.ximately 
the same latency, intensity and duration. There- 
fore, these four drugs are equally active once they 
are in the blood stream, and the differences on oral 
administration probably result from differences 
in absorbability from the intestine. 

Brain changes after asphyxiation at birth. W. F. 
WiNDLE, R. F. Becker and Arthur Weil (by 
invitation). Inst, of Neurology and Dept, of Anat- 
omy, Northwestern Univ. Medical School, Chicago. 
Seventy guinea pigs were asphyxiated and re- 
suscitated at birth. The brains of these and 50 
normal littermate controls were sectioned serially 
and stained by a method permitting accurate his- 
tologic comparison. 

Hemorrhages oecurred in brains of all, 3 hours 
to 5 days after resuscitation, but in none killed by 
asphyxia. Edema appeared to be present between 
8 hours and 4 days after resuscitation. Hemorrhage 
and edema apparently were not primary causes of 
neuron damage. Nerve cell changes, including 
peripheral vacuolization and chromatolysis oc- 
curred in all specimens between IJ- hours and 21 
days. Marked cytopathology was often circum- 
scribed. Cerebellum and corpus striatum were 
not severely affected, but thalamus, cerebral 
cortex, tegmentum and spinal cord were often badly 
damaged. A transient microglia proliferation took 
place at 2 to 21 days. Generalized or regional 
atrophy followed neuron destruction in two-thirds 
of severely asphyxiated, and half the mildly 
asphyxiated animals. 

It was concluded that experimental asphyxia- 
tion followed by successful r'esuscitation of guinea 
pigs at birth produced neuropathologic changes 
of variable degrees of severity’’ in all specimens 
studied 14 hours to 3 weeks after birth, and pro- 
duced detectable permanent structural changes in 
more than half of those alloived to live for more 
than 3 iveeks. [Aided by grants from The Women’s 
Faculty Club and Medical Abbott Fund of North- 
western Univ. Medical School.] 

Thalamic damage after asphyxiation at birth. 
W. F. WiNDLE, R. F. BeckeU and Elsie F. 
Hunter (by invitation). Inst, of Neurology and 
Dept, of Anatomy, Northwestern Univ. Medical 
School, Chicago. Brains of 60 guinea pigs, asphy'-xi- 
ated and resuscitated at birth and killed 2 hours to 
3 months later, shmved pathologic changes in 
various regions. The thalamus and geniculate 
bodies were damaged more consistantly than any 
other parts. In 17 animals, marked changes were 
encountered there ■(vithout apparent damage in 
corpus striatum or corte.x. In 5 of these, unilateral 
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or bilatcrrtl hemorrhages were found about the 
anterior thalamic vessels. These brains and those 
without hemorrhages showed large areas of nerve- 
cell degeneration beginning in the anterior region, 
cN'tcnding into the posterior and ventral, encroach- 
ing upon or involving most of the geniculate 
bodies, but sparing the medial parts of the 
thalamus and most of the hypothalamus. All of 
the cytopathologic changes were bilateral. 

Correlated with structural defects certain motor 
and sensory symptoms appeared consistently. 
During the acute period these animals showed 
tremor, ataxia, incoordination, chorioathclosis, 
hyperesthesia and were extremely irritable. They 
lacked startle and nuzzle reflexes, the latter es- 
sential for nursing. Before they could right they 
lay upon their sides with limbs on which they lay 
extended and opposite limbs flexed. Recovery from 
motor symptoms was gradual. Hyperirritability 
soon subsided and hypocsthosia appeared as a 
permanent condition. Somnolence was usually 
observed and was often marked. Correlated with 
geniculate damage were defects in hearing and 
vision. [Aided fcy grants from The n'onicn’s FacuHi/ 
Club and Medical Abbott Fund of Northwestern 
Until. Medical SekooL] 

Structural alterations in the brain in and after 
experimental concussion. W. F. Windle, R. A. 
Groat {by invitation) and C. A. Fox (by invita- 
tion). Inst, of Neurology, Northwestern Univ. 
Medical School, Chicago. Concussions, without 
fracture and usually without hemorrhage, were 
produced in guinea pigs Ijy striking the movable 
head. Controlled histopathologic studies were 
made at intervals up to 32 days thereafter. Im- 
mediate anatomical changes were demonstrated 
by perfusing with formalin a few seconds after 
striking a concussivc blow. Nissl bodies of certain 
neurons became disorganized, some fragmented 
and others agglutinated, and the normal pattern 
or arrangement was significantly altered. 

Chromatolysis began to appear 24 hours after 
concussion, became very marked by 6 days. It 
differed from that seen in ischemia or after axon 
section. No pathologic changes were observed in 
nerve roots or tracts after concussion. Cells of 
cerebnun, basal ganglia, thalamus, cerebellar 
cortex and sensory ganglia appeared to be un- 
affected. Only in one instance did an occasional 
primary motor neuron of cranial nerve nuclei show 
change. However, a few cervical anterior horn 
' cells were chrom'atolyzed after very strong simple 
concussions. Marked degeneration took place in 
scattered large interneurons of the tegmentum of 
midbrain, pons and medulla oblongata, of Deiter’s 
red and spinal trigeminal nuclei. Other vestibular, 
cochlear and central cerebellar nuclei were af- 
fected after very strong blows. Extent and amount 
of damage varied with severitj' of concussion. 


Scvcrnl less severe blows caused ns much change as 
a single strong blow. [The work described in this 
paper was done under a contract, recommended by 
the Committee on Medical Research, between the 
Office of Scicnii/ic Research and Development and 
Northwestern Univ.] 

Additional observations on a “second” somatic 
receiving area in the cerebral cortex of the monkey. 
Clinton N. Woolsey, Dept, of Physiology, School 
of Medicine, Johns Hopkins Univ., Baltimore, 
Md. In a previous note (Fed. Proc., 1943) wo re- 
ported that a "second” somatic receiving area, 
homologous to Adrian’s "second” somatic re- 
ceiving area in the anterior cctosylvian gj'rus of the 
cat, had been found in the monkey on the superior 
bank of the Sylvian fissure posterior to the insula 
in close relationship to the auditory area. The area 
is contiguous to area T of the posterior parietal 
gj'rus. It was reported that in cat and dog the 
area received impulses from both sides of the body, 
chicflj' from the apices but also from proximal 
parts of the limbs in response to movement of 
hairs or, under deeper anesthesia, to pressure. 
In monkcj' contralateral responses onlj’ were 
found and only in response to pressure applied to 
digits or to skin overlying muscles activating them. 

In additional c.xporimonts on the monkey we 
have found that hair movement alone is sufficient 
to evoke responses in the “second” area provided 
the animal is under rather light anesthesia. Under 
this condition responses are produced both bj' 
contralnter.al and by ipsilateral stimulation. In 
the monkey responses can be evoked in areas 5, 
1 and S of Brodmann under anesthesia too deep 
for production of responses in the “second" 
somatic area. In the cat the opposite obtains and 
"second” area responses c.an be evoked in animals 
too deeply anesthetized for elicitation of responses 
in the primary area. In the cat latency is shorter 
for the "second” area response; in the monkey 
latency is shorter for the primarj’ area response. 

Compensatory renal hjperfrophy after unilateral 
nephrectomy in thyroidectomized rats, considered 
in relation to histological changes in the pituitary. 
Isolde T. Zeckwer. Dept, of Pathology, Univ. 
of Pennsylvania Medical School. Evidence in the 
literature indicates that compensatory kidney 
growth after unilateral nephrectomy depends upon 
pituitary function. Thyroidectomy is known to 
reduce the number of acidophiles. 

Twelve groups of rats were studied, each group 
consisting of 4 litter-mate males: 1, intact; 2, 
left nephrectomized; 3, thyroidectomized; 4, thy- 
roidectoraized with left nephrectomj'. One adrenal 
and/or one testis was also removed to place extra 
burden of secretion on the pituitary. Compensa- 
tor}- hypertrophy was calculated as weight of 
right kidney of rat 2 over weight of right kidney of 
rat 1, and of 4 over 3, as factors of increase, for 
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which the mean values were 1.43 for rats with 
thyroids intact, and 1.41 for thyroidectomized 
rats. These are not significant differences. There- 
fore, although thyroidectomy reduced the weight 
of kidneys, when body Iddneys were present, it 
did not alter significantly the compensatory 
hypertrophy. This supports the results of 
McQueen-Williams and Thompson who deter- 
mined compensatory hypertrophy by a different 
method. 

The hypothesis previously suggested by the 
author that stunting of visceral growth in thj^- 
roidectomized rats may be ascribed to acidophilc 
loss must be modified now in view of this evidence 
that compensatory kidney growth can occur with 
reduced acidophiles, and in view of evidence that 
growth hormone administration does not benefit 
the hypothjwoid individual, whereas administra- 
tion of thyroid extract restores structure and func- 
tion of the pituitary in the thyroidectomized 
animal. 

The reactions of growing chicks to diets varying in 
salt content. R. P. Zijumer, J. S. Barlow and 
J. Slinger (introduced by J. F. Manery). 

opts, of Poultry Husbandry and Animal Nntri- 
lon, Ontario Agricidtural College, Guelph, Canada. 


For these experiments newly hatched Barred 
Plymouth Rock chides were reared to 9 W’oeks of 
age on diets to which salt had been added in 
amounts varying from 0 to 10%. Twelve groups of 
birds were used, each group consisting of 16 males 
and 16 females. Records were kept of their weights 
and their consumption of food, water, oyster shell, 
bone jneal and grit, all of whieh were supplied ad 
libitum. The death rate was noted and at 9 weeks 
10 birds were sacrificed and their tissues analyzed. 

The number of survivals was least in the group 
receiving the 8% salt diet undoubtedly due to the 
fact that their total intake was appreciably higher 
than in any other group. The consumption of 
oj'ster shell, bone meal and grit, which are largely 
calcium and magnesium carbonate and phosphate, 
and also the water intake increased almost linearly 
as the salt content rose, until about 6% at which 
time a “breaking point” was observed in this type 
of compensation. 

The concentration of chloride in skin, tendon 
and kidney almost doubled. There was also some 
increase in chloride in the lung and the liver, a 
slight change in skeletal muscle but an actual fall 
in heart muscle chloride. 
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Absorption of quinine from isolated intestinal 
loops. James C. Andrews and W. E. Cornatzer 
(by' invitation). Dept, of Biological Chemistry and 
Nutrition, School of Medicine, Univ. of North 
Carolina, Chapel Hill. Comparisons of the rate of 
absorption of quinine in the forms of the free base, 
the hy'drochloride and the sulfate under various 
conditions from isolated intestinal loops of dogs 
have led to the following conclusions: 

Within short periods (up to 30 minutes) the 
dihydrochloride is absorbed two to three times as 
rapidly' as the sulfate. In experiments of sixty and 
ninety' minutes the difference between the two 
salts is much smaller. That this difference is not a 
simple result of water solubility is indicated by 
two findings. Administration of the quinine sulf.ate 
in solution in physiologic.al saline, in which it is 
much more soluble than in water, has no effect on 
its speed of absorption. Higher concentrations of 
sodium chloride, although they' increase the solu- 
bility' of the quinine sulfate up to a maximum at 


about 4% NaCl, decrease the rate of absorption. 
Furthermore the free base, with its very low water 
solubility, is much more quickly absorbed than 
is the sulfate and, in fact, leaves the loop nearly 
as I'apidly as does the dihydrochloride. The pH of 
the contents of the loop is not sufficiently low to 
convert any appreciable portion of the base into a 
salt and even the simultaneous addition of equiva- 
lent amounts of sodium sulfate with the free base 
does not decrease the rate of absorption. [Sup- 
ported by a grant from the Samuel S. Pels Fttnd.] 
Denaturation of the gonadotropins by urea. 
Fritz Bisciioff. Santa Barbara Cottage Hospital 
Inst., Santa Barbara, Calif. The- rate of inactiva- 
tion of the physiologic activity of human 
chorionic, sheep pituitary, and mare serum hor- ' 
monos in 40 per cent urea concentration at 37.5°C. 
was studied. The inactivation of the chorionic 
gonadotropin proceeded rapidly and was inde- 
pendent of concentration of hormone, but the rate 
was such that a first order reaction could only be 
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npsumcd on tiio bnsis that the reaction product 
was a stable substance of lesser bioloKic activit}’. 
Chorionic p;ouadotro])in partially inactivated by 
standing in aqueous solution at room temperature 
was more rapidly inactivated by urea than the 
original hormone. The marc scrum liormonc mani- 
fested a remarkable degree of stability. The in- 
activation of the sheep pituitary gonadotrojrin 
proceeded less rapidlj' than that of the chorionic 
gonadotropin and was somewhat dependent upon 
concentration. 

Relationship between protein intake and py- 
ridoxine deficiency in the rat. The role of trjpto- 
phanc and cystine. Luopold R. Ceukckdo and 
.John R. Fov (by invitation). Dept, of Chemistry, 
Fordham Univ., Nciv York City. In a previous 
communication (Proc. Div. Biol. Chem., Amcr. 
Clicm. Soc., -Atlantic City, 1941), it was 
shown that the level of protein in the diet has a 
pronounced effect on the severity of symptoms of 
pyridoxine deficiency in the rat. The dermatitis 
that developed on a low protein diet was a mild 
form in most cases, whereas in the animals re- 
ceiving the higher protein levels, severe symptoms 
developed. 

.A possible connection between tryptophane and 
the effects of a high protein intake was suggested 
by the experiments of Lepkovsky ct al. (J. Biol. 
Chem. 149: 195, 1943), who isolated xanthurenic 
acid from the urine of pyridoxinc-doficient rats, 
and showed that it was derived from dietary 
tryptophane. These findings indicated a derange- 
ment of tryptophane metabolism. 

With a view to ascertaining the role of trypto- 
phane and cystine in the development of pyri- 
doxine deficiency, the following experiments were 
carried out. One group of rats, which served as 
controls, received the low-protein (15 per cent) 
ration (diet A). A second group received diet A 
supplemented Avith tryptophane in an amount 
equivalent to that present in a diet containing 60 
per cent of casein. In these animals, the symptoms 
appeared at a later period than in the controls. 
They also lived longer. A third group receiving 
diet A supplemented Avith cystine developed more 
seA'ere symptoms than the controls. A fourth group 
were given diet A supplemented with tryptophane 
and cystine. In this case, the tryptophane had 
some protective action, but it rvas not sufficient to 
neutralize completely the effect of cystine. [Aided 
by a grant from the Committee on Scientific Re- 
search of the American Medical Association]. 

Vitamin E deficiency in the mouse. Leopold R. 
Cerecbdo and Leonard J. Vinson (by invita- 
tion). Dc)}!. of Chemistry, Fordham Univ., New 
York City. Symptoms such as muscular paralysis 
and incoordination of the forelegs and head, have 
been observed in rats on vitamin E deficient 
diets. Attempts to obtain similar manifestations 


in inico have hitherto failed. We have observed 
numerous cases of incoordination in young mice 
from females reared on a diet having the following 
percentage composition: Casein, 17; salts, 5; 
Crisco, 4; lard, 3; cod liver oil, 3; sucrose, 58; and 
brewers’ yeast, 10. The dyndrome is charaolcrized 
bj' a tilting of the head to one side, inability to 
run in a straight line, and a frequent tendency to 
move backwards. In some animals, muscular 
paralysis developed just before weaning. In several 
cases, these symptoms disappeared after weaning, 
but for the most part they remained throughout 
life. Administration of alpha-tocopherol, 20 mg. 
per kilo of diet, prevented almost entirely the de- 
velopment of symptoms. Increasing the protein 
of the diet to 25 per cent had a similar effect. 

Of a total of 27 litters weaned on the basal diet, 
15 contained young showing vitamin E deficiency, 
whereas of 17 litters weaned on the basal diet sup- 
plemented with vitamin E, only 2 exhibited the 
symptoms, and of 11 litters weaned on the 25 per 
cent casein diet, only 3 showed signs of vitamin E 
deficiency. The effect of the increased protein 
intake is interesting, since it indicates that pre- 
vious failures to obtain symptoms in vitamin E- 
deficient mice may be related to the high protein 
level in the diets used. Our findings suggest a 
relationship between vitamin E and protein 
metabolism. 

The influence of insulin and the ions of sodium 
and potassium on the consumption of o.xjgen by 
Ih'cr slices. Ralph C. Corley and Delbert M. 
Bercenstal (by invitation). Dept, of Chemistry, 
Purdue Univ., Lafayette, Indiana. The increase in 
the consumption of o.xygen in Warburg flasks, by 
liver slices of ivhite rats (fed or fasted), in the 
presence of pyruvate (concentration of substrate 
routinely 0.01 M), and the further increase with 
the additional presence of zinc-free insulin, have 
been found to be markedly influenced by the ratio 
of sodium ion to potassium ion, in the isotonic 
phosphate buffer solution (pH = 7.3) imvhicheach 
is suspended. In the practicable absence of either 
Na or IC, insulin had little or no effect on the rate 
of .absorption of oxygen in the presence of py- 
ruvate. The maximum effect was observed when 
Na:IC = circa 16:1, although ivith pyruvate alone, 
TQO; was highest with a lower ratio of Na:K. 

Essentially similar conclusions appear war- 
ranted for the e.xperiments with succinate and with 
citrate. 

When the ratio of Na to K was 4 to 1, there was 
Avith added insulin a further increase in the con- 
sumption of oxygen Avith hexosemonophosphate, 
hexosediphosphate, a-ketoglutarate, and oxalo- 
acetate respectively, a slight (perhaps significant) 
increase Avith malate, but none with fumarate, 
butyrate, cis-aoonitate, glycogen or glucose. In 
experiments similar except for the practicable 
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absence of Na, slight (perhaps significant) 
increases in the consumption of oxygen were ob- 
served with hexosemonophosphate, hexosediphos- 
phate and a-ketoglutarate respectively, but not 
with oxaloacetate, fumarate, malate or butyrate. 

Zinc-insulin has not been found to increase the 
consumption of oxygen in the presence of 
pyruvate. 

It is suggested that the current lack of agree- 
ment concerning the influence of insulin in slices 
and other preparations of tissues, is attributable 
in some measure to differences in the inorganic 
composition of the suspending fluids employed by 
the several investigators. 

Intravenously administered crystalline amino 
acids in causation of vomiting in dogs. Warren M. 
Cox, Jr. AND Arthur J. Mueller (by invitation). 
Mead Johnson Labs., Evansville, hid. Intravenous 
injections of 0.24 gm. nitrogen per kilo as essential 
amino aeids, and Amigen (casein hydrolysate), 
were made in two dogs. An equivalent amount of 
glycine replaced any amino acid omitted from 
Mixture VII‘’. 


Injection timJ^ 


Amino acid omitted 

Dog. 1, 25 kg. 

Dog 2, 20 kg. 

2 

hrs. 

1 lir. 

30 

min. 

2 

hrs. 

Ihr. 

30 

min. 

Mixttiro VI1>> 

V 



V 
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= 
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= 

c 
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V 
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V 
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.. — ► 
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“ Symbols: V = vomiting; «-> = nnnsca; — = no effect. 

** Madden, ct al., J. Exper. Med., 77, 277 (1943) 

' 45 min. injection. 

Dog apparently learned to tolerate injections. 

•' Injected at end of series for comparison. 

As the study progressed. Dog 1 did not vomit on 
previously unsatisfactory mixtures (e.g., leucine- 
free) . Dog 2 vomited with all mixtures except that 
the methionine-free one was tolerated best. Casein 
)iydrol 3 ’sntc caused less vomiting than the mixed 
ten crj'stalline acids. Since no one amino acid was 
found c.ausativc of vomiting, it is believed that 
the unnatural isomeric forms are responsible. 

Amino acids in the potato (Solanum tuberosum). 
Prank A. Csonk.\ and II. Lichtenstein (by in- 
vntation). Bureau of Human Nutrition and Home 
Economics; Agricultural licscarch Administra- 


tion, U. S. Dept, of Agriculture, Washington. In 
the determination of amino acids in the whole 
potato, we observed an Exceptionally high content 
of tyrosine, which, if present entirely in the pro- 
tein of the potato, would represent an unusually 
high percentage (7 to 10 per cent). It was found, 
however, that part of the tyrosine is present in free 
form in the press juice. 

The whole potato was mashed under 2 N sul- 
furic acid; the acid extracts adjusted to 5 N were 
hydrolyzed and showed 62 mg. of tyrosine (Folin- 
Ciocalteu) per 100 gm. of potato. When the potato 
was pressed and the press cake extracted by water 
followed by salt solution (1 per cent) the tyrosine 
content was 42 mg. In the acid immersion method 
where tyrosinase activity was eliminated the 
tyrosine value is 50 per cent higher than that ob- 
tained in the press juices. The press juice con- 
tained 20 mg. of free tyrosine per 100 gm. of potato 
as determined in the filtrate remaining after 
coagulating the protein by heat. When the press 
juice was dialyzed, and the dialysate extracted by 
butyl alcohol (Dakin), tyrosine crystals were 
easity distinguishable under the microscope. The 
difference between the values for tyrosine ob- 
tained on one aliquot of juice heated immediately 
after pressing and another aerated without in- 
activation agreed with that for free tyrosine. 
Tyrosinase affects onty free and not the peptide- 
bound tyrosine. 

Colorimetric determinations also indicated that 
out of 28 mg. of tryptophane found in 100 gm. of 
potato 15 mg. are present in free form, assuming 
that none of the color was due to an indole product 
resulting from tyrosinase activity. 

The content of water, chloride, total nitrogen and 
collagen' nitrogen in tendons of the dog. Lillian 
Eichelberger and Jean D, Brown (by invita- 
tion) Dept, of Medicine, Univ. of Chicago. The 
right and left Achilles tendons and the tendons of 
the flexor and extensor muscles of the front legs 
were removed from eight dogs for analyses of 
total fat, total water, chloride, total nitrogen and 
collagen nitrogen. Wide deviations in the concen- 
trations of these constituents were found in differ- 
ent sections of the individual tendons. Neverthe- 
less the average of all of the analytical values for 
each constituent of the tendon was practically the 
same for every animal. It appears probable there- 
fore that at different levels of the tendon there arc 
present different sense organs, blood vessels, 
fascia, etc. which would account for the variations 
in the content of fat, water and nitrogen in the 
different sections of each individual tendon. 

For the Achilles tendons the means were found 
to be as follows: total water, 610.7 ± 1.0-1 g.; 
chloride, 77.2 ± 3.2 mM; total nitrogen, 67.8 ± 
3.3 g.; collagen nitrogen, 61.0 ± 3.2 g. per kilo of 
fat-free tendon. For the frontal tendons the means 
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were: total water, 602.8 ± l.-ll t;.; chloriilc, 79.1 ± 
3,2 luM; total nitrogon 67. 1 ± 3.2 g., and collagen 
nitrogen 63.1 db 2.2 g. per kilo of fat-frcc tendon. 

Response of the gastrointestinal tract to in- 
gested glucose. Paui. P. Fknton (by invitation) 
:uul lI.Mioi.D B. Pir.ncn. Dcpl. of Physiological 
Chcmislry, College of Medicine, Unit', of Vermont, 
Burlington. The nicthods used in these studies on 
rats have been reported prcviou.sly (.L Biol, Chem. 
133: xxxi, 1910). Numerous additional c.vperi- 
nicnts have since confirmed our findings that tlie 
emptying rate of the stomach decrc.'ised progres- 
sively as greater concentrations of glucose were 
fed, that tlic rate of absorption increased sig- 
nificantly with tlic concentration fed, that the 
volume of acid gastric secretion decreased with 
increasing concentration but that very liigh con- 
centrations elicited a copious secretion of slightly 
alLaline fluid. 

It was found that gastric secretion, gastric 
emptying and intestinal absorption wore most 
rapid during the quarter hour following adminis- 
tration of the glucose solutions ranging from 5.5 
to 65 per cent in concentration. IVhcn concentrated 
glucose solutions were fed, an inhibition of gastric 
emptying began shortly after glucose injection. 
Although emptying was gradually resumed, it 
remained slow daring the remainder of the first 
hour. Rats weighing between 145 and 2S3 grams 
absorbed 50 ']jcr cent glucose at the same rate, 
while younger and lighter animals absorbed glu- 
cose more slowly. Tlie decrease was l)y no means 
proportional to the body weight. A group of rats 
averaging 246 grams in weight absorbed 261 milli- 
grams of glucose while another group weighing 129 
grams absorbed 224 milligrams in one hour. It 
was found, in agreement with otliers, that glucose 
absorption was slower after a 48 hour fast than 
after a 24 hour fast. The depression due to fasting 
was more pronounced in the male than in the 
female. 

Studies on anesthetized rats whose stomachs 
were ligated at the cardia and pylorus showed 
little or no g.astric glucose absorption. 

, Molecular length of fibrinogen and zein as de- 
duced from double refraction of flow. Joseph F. 
Foster (bj’’ invitation), Herbert Scheinberg 
(by invitation) and JoHX T. Eds.4ll. Dept, of 
Physical Chemistry, Harvard Medical School, 
Boston. The orientation of elongated molecules, 
when subjected to a velocity gradient, can be 
deduced from the double refraction produced in 
the flowing solution. The velocity gradient re- 
quired to produce a given degree of orientation, 
hmvever, varies almost as the reciprocal cube of 
the molecular length. To study relatively short 
molecules, a concentric cylinder apparatus has 
been constructed which permits the attainment of 
^ velocity gradients up to 30,000 cm~*. 


IRimaii fibrinogen,* itrcimrcd in this laboratory; 
has been studied in a<iucous salt solution and in 
glycerol-wnlcr-salt mixtures. Earlier studies by 
Boehm and Signer, and IVohlisch, dcinonslr.atcd 
that fibrinogen shows flow birefringence, but did 
not permit calcidation of molecular length. From 
our studies the length is deduced ns 900 ± 200 A. 
This estimate is in harmony with data on the 
visco.sity increment of fibrinogen in solution, 
which is higher than that of any other blood pro- 
tein, and with preliminary estimation of molec- 
ular weight. 

Zein is a much shorter molecule than fibrinogen 
and must bo studied in solvents of high viscosity 
to achieve satisfactory orientation. Propylcno 
glycol and ]n-opyleno glycol-ethanol mixtures have 
been employed ns solvents. In these solvents, zein 
shows well marked double refraction of flow. The 
molecular length, in one preparation which has 
been intensively studied, is deduced ns approxi- 
mately 340 A. This tentative estimate is in good 
agreement with the value of 320 A, calculated by 
Ncurath from sedimentation and diffusion. 
Another preparation made by a different liicthod 
showed a somewhat greater molecular length. 

Pituitary control of blood insulin level. H. 
Fraenkel-Conrat and .1. FRAENKEi>Co.\nAT (by 
invitation). (.Formerly) Inst, of Experimental 
Biology, Univ. of California, Berkeley. It is well 
established that dietary factors which influence 
the rate of insulin secretion cause corresponding 
changes in the pancreatic insulin content. Yet, 
in the cases of two pituitary hormones, recently 
shown to control the rat’s pancreatic insulin (Am. 
J.Physiol. 135:404,1942), there were no indications 
of increased gland content being associated with 
increased secretion, and vice versa. Actually, the 
reverse relationship seemed probable for the 
growth hormone, which while decreasing pan- 
creatic insulin is generally believed to favor in- 
creased insulin secretion. 

To estimate the rate of insulin secretion, blood 
insulin determinations were performed, using 
Gellhorn’s method (Endocrinology 29: 137, S49, 
1941). The action of growth and lactogenic hor- 
mones on the blood insulin of hypophy- 
sectomized and normal rats was studied. Wlulethe 
observed changes were consistent, a greater num- 
ber of experiments would be needed for the demon- 
stration of statistical Ignificance, owing to the 
variability of blood sugar levels. Since tliis study 
had to be abandoned, it is here reported as a sug- 
gestion rather than an established finding. The 
results indicated that the rat’s blood insulin level 
was 1) raised after hypophysectomy, 2) raised 
rapidly (within one hour) by growth hormone, 

* Prepared under contract recommended by the Committee 
on Medical Research between the Office of Scientific Research 
and Development and Harvard University. 
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and 3) lowered (more slowly) by lactogenic hor- 
mone administration. 

These findings suggest that growth hormone de- 
crease's pancreatic insulin by releasing the latter 
hormone into the circulation, while lactogenic 
hormone increases the gland content by favoring 
insulin storage, rather than secretion. Such find- 
ings indicate the need for caution in interpreting 
the physiological significance of the hormonal con- 
tent of endocrine glands. 

Substances which decrease the solubility of al- 
bumin S in human cancer. Martin E. Hanke, 
Herbert Kahn (by invitation) and Rose 
Felsher (by invitation). Dept, of Biochemistry, 
Univ. of Chicago. Albumin S is defined as that 
fraction of the serum protein which remains dis- 
solved at 41.5 g. per cent (NH 4 ) 2 S 04 at pH 6.8 in 
1 to 250 dilution of serum. It is the most soluble 
albumin of blood and constitutes about six per 
cent of the total albumin. In human cancer al- 
bumin S values are decreased to less than half 
(often to one-fifth of normal) even when the total 
albumin is normal or three-fourths of normal; 
this holds similarly in obstructive jaundice, and 
the last three months of pregnancy. 

Studies on the effect of the addition of chemical 
substances to serum in vitro have shown that bile 
acids (glycocholic taurocholic, and glyco-desoxy- 
cholic) markedly decrease the albumin S without 
corresponding effect on the total albumin; 0.15 mg. 
per ml. is appreciable, while at 5 mg. per ml., where 
the effect is maximal, the albumin S is decreased to 
one-tenth of its normal value. Fractionation of 
lipoid extracts of normal and cancer urines have 
shown in cancer urine 40 to 100 mg. per daj’’ of a 
neutral, non-saponifiablc, benzene soluble mate- 
rial which is equally potent as bile salt in lowering 
albumin S levels; while normal urine contains only 
5 to 15 mg. of such material. It is believed that the 
presence of these substances in cancer sera de- 
termines the low albumin S values found in such 
sera. It is thought that these cancer substances 
may interfere with the nutritive and vehicular 
functions of albumins for normal tissues. 

Diet and blood thioneine. Roman Harkawav 
(by invitation) and 'William M. Cahill. Dept, 
of Physiological Chemistry, Wayne Univ. College 
of Medicine, Detroit. In the rat, blood thioneine 
is exogenous and its level is influenced b)’- diet ac- 
cording to Potter and Franke (J. Nutr. 9; 1, 1935). 
Wc have made an initial stud 3 ' on the influence of 
diet on blood thioneine in man. Determinations 
were made on the blood of a number of individuals, 
each of whom had for several days been consuming 
a particular type of diet. Thioneine was separated 
from uric acid bj' treatment of the blood filtrates 
with silver nitrate and acid lithium chloride solu- 
tions (Benedict and Behre, J. Biol. Chem. 92: 
Ifil 19321 and the thioneine was estimated in the 


precipitate by the method of Behre and Benedict 
(J. Biol. Chem. 82: 11, 1929). Thioneine used in 
the standards was prepared from ergot. 

The experimental results follow; high protein 
diet, 4 individuals, 1. 9-5.9 (3.8 av.) mg. thioneine 
per 100 cc. blood; low protein, 5 individuals, 
0.0-6.3 (4.9 av.) mg.; high purine, 5 individuals, 
1.5-5.9 (3.7 av.) mg.; low purine, 5 individuals, 
2.9-5.9 (4.3 av.) mg.; fasting, 5 individuals, 3.3-5.3 
(3.8 av.) mg. It is evident that the blood thioneine 
levels were subject to marked variations which, 
under our experimental conditions, could not be 
correlated with the general type of diet. 

The experimental subjects were students who, 
unsupervised, ate suggested diets primarily for 
another purpose — a study of the influence of diet 
on the composition of urine — in connection with a 
laboratory course, A further study of this problem 
under carefully controlled dietary conditions and, 
if possible, with an improved analytical method 
remains to be earned out. 

X-ray diffraction of muscles II. G. C. Hennt 
(bj'- invitation), E. W. Ashkenaz^ (by invitation) 
and M. Spiegel-Adolf. Depts. of Physics and 
Colloid Chemistry, Temple Medical School, Phila- 
delphia. Our former studies (Fed. Proc. 2), using 
a similar material and apparatus, were extended 
in different directions. Statistical evaluations of 
the measurements on moist and dried muscles 
ascertain the identity of most corresponding 
spacings and give evidence of only a small amount 
of intramolecularly bound water along the longi- 
tudinal axis. Resoaking of dried muscle is condu- 
cive to a complete reversal of the change produced 
1)3’' drying for 24 hours at room temperature in a 
desiccator. The .x-ray diffraction pattern of such 
a resoaked muscle is identical with the one given , 
by a living moist muscle. • 

Effects of single shock electric stimulation, con- 
sisting in disappearance of orientation of the 
x-ra 3 '^ diffraction pattern, become manifest only 
in a muscle which shortens markedly. Such 
changes are agsent in muscles contracting either 
isotonically or isometrically. 

Of the different agents known to produce rigor 
in muscles, (heat, chloroform, death) heat alone 
produces characteristic changes of the .x-ray 
diffraction pattern. These changes consist in a 
sharpening of the outside ring and in the appear- 
ance of a new ring corresponding to a spacing of 
22 1 . 

KCl, when used in concentrations at which 
NaCl apparently does not affect the x-ray diffrac- 
tion pattern of muscle, produces characteristic 
changes in the latter. The orientation disappears 
to a great extent and a number of salt rings appear, 
which can be identified with the diffraction pat- 

* liathryn McHnle Fellow, AAUIV. 
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fern of KCl. In conformity with otlier experiences 
these findings are explained by an increase of 
membrane permeability caused by the specific 
cITccts of potassium ions. 

Adsorption of phosphates by bone, dentin and 
enamel after prolonged c.xposurc to phosphate solu- 
tions as shown by the rndionclivc isotope. E. 
GuNN.xn Jon.xNssoN (by invitation) and llAHonn 
G.Miri;NTi;u Honon. Dcpl. of liiochanislri/ and 
Pharmacology, School of ^[cdH•.inc and Dcniistry, 
Univ.of Pochcslcr, Rochester, N. Y. Previous studies 
of the adsorption of various substances using radio- 
active isotopes as tracers have shown that after 
short periods of exposuie to solutions bone adsorbs 
more tlian dentin which in turn adsorbs more than 
enamel. This order has been found for phosphates 
at 200°C and at 40°C, for fluorides, sodium and 
strontium at lO'C. It is believed that this order 
reflects a variation in some fundamental jiropcrty 
of the tissues and at first it was attributed to the 
reported variation in particle size. The particles 
of bone are calculated to bo about lO'^cm., those 
in enamel about 10~*cm. and those in dentin inter- 
mediate in size. Different limitations of pcnctr.a- 
tion by the rospootivo densities could also account 
for the order found. 

Using phosphate solutions containing radio- 
active phosphorus as a tracer, long exposures (up 
to 64 hours) of powdered bone, dentin and enamel 
produce marhed increase in the total phosphate 
absorbed by each tissue and, by the 64th hour, a 
reversal in the order of the amounts adsorbed so 
that enamel > dentine > bone. If diffusion is the 
controlling property, such a reversal would not 
be predicted. Particle size appeare to bo ruled out 
as an explanation. The reason for tfie order of 
amounts adsorbed after prolonged c.xposurc is 
unknown. 

Amino acid metabolism in diabetes mellitus. 
Alfred B. Koehler, Elsie Hill (by invitation) 
and Ellen Buttenwieser (by invitation). 
Sansutn Clinic and Santa Barbara Cottage Hos- 
pital, Santa Barbara, Calif. Repetition of our 
studies of glycine and alanine metabolism in dia- 
betes (Fed. Proc. 2: No. 1, 64, 1943) usingcasein 
hydrolysate plus 1 per cent tryptophane give 
similar results. Thirt 3 ' g. of the amino acids were 
injected at constant rate intravenouslj' for 2 hours 
in 10 normal subjects and in 8 with uncontrolled 
diabetes. The blood amino acid levels and extra 
urea as well as the urinary excretions were es- 
sentially the same in the 2 groups. 

There was, howex'er, a quicker and a greater in- 
crease in extra ketones in the blood and urine in 
the diabetic group. 

The blood sugar rise and, in the case of the 
diabetic group, the extra urine sugar after amino 
acid injection was similar to that after the injec- 
tion of 20 g. of glucose. This indicates that if the 


extra sugar comes from the injected' acids, the 
conversion was so rapid that it did not alter the 
time relationships. 

The blood sugar fiso after the nnimo acid in- 
jections equalled in the normal group 52 jier cent 
and in the diabetic group SO per cent of the rise 
after 20 g. of glucose. On this basis the normal 
person converts 35 per cent and the diabetic sub- 
ject 67 per cent of the injected amino acid to 
glucose. The latter figure is in close agreomont with 
the usually accepted figures of 55 to 03 per cent 
conversion of protein. 

It apiicara that in diabetes sugar and ketones are 
formed more readilj’’ from amino acids than in 
normal subjects. 

Alcohol and acetic acid metabolism in diabetes 
mellitus. Alfred B. Koehler, Elsie Hill (by 
invitation) and Ellen Buttenwieser (bj' invita- 
tion). Sansum Clinic and Santa Barbara Cottage 
Hospital, Santa Barbara, Calif. The injection of 
30 g. of clh}’! alcohol intravenouslj' at constant 
rate for 2 hours in 7 diabetic subjects resulted in 
blood alcohol levels and urine e.vcretion that dif- 
fered little when this same group was completely 
controlled with insulin, nor were the values sig- 
nificantlj’ different from a group of 4 normal 
subjects. 

The blood and urine extra ketones during and 
after alcohol injections were not appreciablj’ or 
consistently altered in the diabetio group. 

-Alcohol c.aused no increase in blood or urine 
sugar in either tiio diabetio or normal subjects. 

Blood and urine acetic acid was but little ele- 
vated after alcohol injection even thougli the 
alcohol was rapidly utilized. Tliis at first seemed 
to indicate that alcohol oxidation did not go 
through the acetic acid stage. However, the injec- 
tion of 30 g. of .acetic acid -J- neutr.alized under the 
same conditions showed it to be oxidized with such 
great rapidity in both diabetic and normal subjects 
that no appreciable rise after alcohol could be 
expected. 

Ketone formation from acetic acid in the normal 
subject was not .appreciable. In the diabetic sub- 
ject with mild ketosis, more ketones were formed, 
but even here the e.xtra ketones accounted for less 
than 4 per cent of tlio acetic acid injected. The 
indications are that acetic acid can be oxidized 
without ketone formation but possibly also under 
certain metabolic conditions, as in diabetes, ke- 
tones can be formed. This suggests that ketosis 
may not only be the result of e.xcessive fat break- 
down but of abnormal fatty acid oxidation. 

Studies of urinary calcium excretion I. In normal 
persons. Elizabeth L. Knapf (by invitation) and 
Genevieve Ste.irns. Dept, of Pediatries, State 
Univ. of Iowa, Iowa City. 606 studies of urinary 
calcium excretion in healthy persons 1 to 80 j-ears 
old have been analj'zed statistically. The data 
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■were obtained from this laboratory (370 studies) 
and from the literature. The data include only 
studies of normal persons whose diets were of 
customary mixed composition, and wherein milk 
was used as the chief source of calcium. 

Calcium intake and weight of the person are im- 
portant in determining the quantity of urinary 
calcium. The major factor is endogenous, probably 
due to endocrine balance which aids in deter- 
mining the percentage of intake excreted in urine. 
The relationsliips of the various factors ma 3 ’’ be 
expressed as an exponential equation. Given the 
daily calcium intake, urinary calcium and the 
weight of the person, the formulas for normal 
maximum (M), mean (y) and minimum (m) 

5? - are as follows. I represents calcium in- 

take per kilogram body weight. 

M = 365 1-801 
y = 158.9 I --800 
m = 34.1 I --800 

These formulas hold for all ages, 1 to SO years. 
Each person tends to maintain his position rela- 
tiv'c to the mean at all levels of intake studied and 
over a period of at least several years. It is prob- 
able that the relative position is somewhat altered 
bj’ puberty. 

Examination of SSO studies of urinary calcium 
in infancy shows that urinary calcium excretion 
of infants follows the same laws. The values ob- 
served lie within tlie range normal for older sub- 
jects, but the mean value is somewhat lower in 
infancJ^ 

Studies of urinary calcium e.xcretion. II. In 
endocrine disturbances. Elizabeth L. Knapp (by 
invitation) and Genevieve Stearns. De-pl. of 
Pediatrics, Stale Univ. of Iowa, Iowa City. The 
urinarj’' calcium excretion (Can) of persons with 
increased or decreased activity of certain endo- 
crine glands has been compared ivith that of nor- 
mal persons (Knapp, E, L., and Stearns, G., pre- 
ceding abstract). Tlie data analyzed were from 
this laboratory and the literature. 

In hj’^perparatln'roidism. Can is above the nor- 
mal maximum at all levels of intake. After re- 
moval of the tumor, the Ca^ decreases to values 
below the normal mean; some values reported are 
below the normal minimum. 

In lij'poparatlnToidism, Ca^ is below the normal 
minimum and increases to within normal range 
with increase in .scrum calcium. 

In IwperthjToidism, Ca^- is similar to that ob- 
serv'ed in hj’perparathj'roidism; the increase may 
be even more marked. With therapj', the values 
become normal, rareh' as low as during recover}’ 
from hyperparathyroidism. 

In my.xedema, Cai- lies ivithin the normal r.ange, 


though below the normal mean. With therapy, 
Ca,; is increased to above the normal 'maximum. 
These findings differ from the customary concept. 

During pregnancy, Caj, tends to increase to a 
maximum W'hich occurs after the 20th and usually 
after the 30th iveek. Few' values rise above the 
normal range, but the mean is higher than the 
normal mean. In early lactation, Cap is below' the 
normal mean, but w’ithin the normal range. 

A 2 year old girl with precocious puberty showed 
a Cap above the normal maximum and a high titer 
of estrogen in urine. After removal of one ovary, 
urinary estrogen decreased and Cap became 
normal. 

lodination of thyroglobulin under conditions, 
compatible with life. J. P. McClenbon and Wm. 
C. Foster (by invitation), Hahnemann Medical 
College, Philadelphia. Two and seven-tenths' grains 
of human thyroglobulin from a goiter (containing 
0.06 per cent of thyroxine-iodine and 0.18 per cent 
of total iodine) W'as dissolved in a physiological 
salt solution of 10 g. of NaCl and 5 g. of NaHCOa 
in 2 liters of W'ater. To this was added 0.27 g. of 
iodine crystals and the suspension was stirred in a 
thermostat at 38°C. for 20 hours. The thyroglob- 
ulin was precipitated by heat, washed w’ith water 
and dried. It was found to contain 0.342 per cent 
of thyroxine-iodine and 3.56 per cent of total 
iodine, increases of 570 per cent and 1975 per cent 
respectively. These are higher values than w'e have 
ever found in natural thyroglobulin. The iodine 
W'as determined by the McClendon-Bratton 
method (J. Biol. Chem. 123: 699, 1938) and the 
thyro.xine precipitated by a modified Harington- 
Randall method (J. Biol. Chem. 110 : 680, 1935). 
Since tadpoles metamorphose after having iodine 
crystals implanted in their bodies, we consider 
the conditions of iodination of the thyroglobulin 
compatible w'ith life. 

Protein-bound iodine in the blood corpuscles and 
plasma. J. F. McClenbon and Wm. C. Foster (by 
invitation). Research Lab. of Physiolog^j, Hahne- 
mann Medical College, Philadelphia. All the iodine 
determinations w'ere made by the method of 
McClendon and Bratton (J. Biol. Chem., 123: 
699, 1938). Comparison was made of three methods 
of separating the proteins: 1, by dialysis, 2, by 
zinc hydroxide (Somogyi) and 3, by the methanol- 
acetone method of McClendon and Poster (Proc. 
Soc. Exp. Biol. Med., 39: 230, 1938). The results in 
micrograms of iodine per 100 cc. were as follows: 
Dog A, (dialysis) plasma 5.4, corpuscles 4.5, 
(Somogyi) plasma 5.4, corpuscles 5.6, (McClendon- 
Foster) plasma 4.2, corpuscles 5.0. Since there was 
no essential difference in the results by the three 
methods and this point was confirmed by many 
determinations on whole blood, the remainder of 
the partitions were made by the McClendon- 
Foster method as follows: Dog B, plasma 4.5, 
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corpuscles 5.5; cal scrum 7.6, corpuscles 7.2; cow- 
plasma 6.8, corpuscles 6.4; man A, plasma 4.2, 
corpuscles 5.2; matr B, plasma 5.0, corpuscles 4.9. 
The average value of protciu-bouiul iodine for 
plasma is 5.4 and for corpuscles is 5.5. 

Conclusions: There is i»o great tliffcrcncc be- 
tween the protein-bound iodine content of the 
corpuscles and plasma (or scrum). Wlicthcr 
iodinated protein exists inside the corpuscle or is 
merely attached to the outside is unknown. Tho 
methanol-acetone method of McClendon and 
Foster for precipitating the protein docs not re- 
move the iodine from tho protein. 

Quinine and vitamin B-comp!cx dcflciency. 
Mildred McEwex and Granvil C. Ivyker (in- 
troduced by James C. Andrews). Dept, of Biologi- 
cal Chemistry and Nutrition, School of .Medicine, 
Unh\ of North Carolina, Chapel Hill. The in- 
vestigation reported herein under similar title 
last year was continued by a different procedure. 
The rat remained the c.\perimental animal. Tho 
dose was increased from twentj- to eighty milli- 
grams of quinine per kilogram body weight .and 
was administered subcutaneously rather than 
orally. Doses were weekly rather than daily and 
each was followed by twenty-four hour urine col- 
lection and determination of quinine. Quinine 
lactate instead of the hydrochloride was used to 
provide less tendenej- for ulceration subsequent to 
and at tho site of injection. Some animals beeame 
ulcerated with the lactate. Repeated comparisons 
verified the advantages of an improvised metab- 
olism cage with glass funnel over the standard 
metal cage. 

Rats, thirty-five days of age, gave an increased 
excretion of the dose as the animals progressed 
from a normal state to a severe B-complex 
avitaminosis, the last excretion being approxi- 
mately fifty per cent greater than the first. The 
excretion decreased irregularly after restoration 
of an adequate diet. Thirty-four normal rata ex- 
creted 10.34 per cent (± 2.07, probable error) of the 
dose in twenty-four hours. Rats, fifty-seven days 
old, gave a response similar to those of thirty-five 
days but the deficiency developed less rapidly 
and differences in excretion were less pronounced. 
Another scries of older rats gave more dubious 
results, with controls. 

The increase in quinine excretion with B-com- 
plcx deficiency following subcutaneous adminis- 
tration is compared with a previously reported 
decrease following oral administration of quinine. 
Work is now in progress on intestinal absorption of 
quinine in the rat during B-eomplex deficiency. 
[Supported by a grant from ike Samuel S. Pels 
Fxmd.] 

The excretion of “Fi” and its supposed relation 
to niacin intake and metabolism. Olaf Mickelsen 
(introduced by Ancel Keys). Lab. of Physio- 


logical Hygiene, Univ. of Minnesota, Minneapolis. 
Jsajjar and co-workers (J. Clin. Invest. 21; 263. 
1042) reported that tho excretion of n urinary con- 
stituent, Fj, was markedly decreased in niacin 
deficiency. Huff and Porlzwcig (J. Biol. Chem. 
150 : 483, 1943) identified this substance as N'- 
Methylnicotinamidc and described a modified 
procedure for its identification. We have used both 
the original and the modified method in a study 
of the excretion of F; in the 24 liour urine of young 
men on known and fixed diets. One group received 
a total daily intake of 10 mg. of niacin while 
another received 20 mg. Over a period of 5 j months 
there was no significant difference in tho excretion 
of Pj by these 2 groups. Furthermore there was no 
difference in the response of Fj excretion of these 2 
groups to a test dose of 10 mg. of niacin. During a 
final period of 30 days wlien 4 of tho subjects re- 
ceived only 0.25 mg. of niacin daily and 4 others 
received 10.2 mg. of niacin there was no diffcronco 
in the .average dailj' c.xcrction of Fj. Again the re- 
sponses of the two groups to tost doses of 10 mg. 
of niacin were the same. Some of the boys on the 
low niacin intake showed the s.amo relative in- 
crease in Fj excretion following the test dose as 
those who had been on the higher intake. [This 
work was supported in part under the terms of a 
contract (No. OEMcmr-B7) between the Regents 
of the Univ. of Minnesota and the Office of Scientific 
Research and Development. Support from other 
sources will be acknowledged in final publication.] 

Storage of vitamin A in the livers of dogs fed beta- 
carotene or vitamin A. Agnes Fat Morgan and 
Lillian S. Bentley (by invitation). Lah. of 
Home Economics, Univ. of California, Berkeley. 
Since the urinary excretion of vitamin A by dogs 
was found to be influenced by the amount and 
dietar 3 - source of the vitamin, as well as by the age 
of the dog, it was concluded that massive liver 
deposits were probably necessary for such excre- 
tion, Fourteen young dogs winch had been de- 
pleted of vitamin A were fed known amounts of 
vitamin A as fish liver oil or as beta-carotene. All 
of these dogs were reared on purified diets con- 
taining unheated or heated casein, the latter being 
used to induce fatty liver. Four of the dogs fed 
the heated diet developed fatty livers, and one fed 
the unheated diet and large amounts of carotene 
had a cirrhotic liver. 

One series of eight dogs ingested 31,000 to 65,000 
I.U. of vitamin A or carotene in 28 to 68 days, and 
another group of six dogs, 1 million to 14 millions 
I.U. in 185 days. In no ease was more than 6 per 
cent of the beta-carotene intake found deposited 
in the liver and kidney as vitamin A, but 18 to 56 
per cent of the equivalent vitamin A ingested was 
found in these organs. The animals fed heated 
diet utilized the carotene and vitamin A as well 
as those on the unheated, and there was some in- 
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dication of increased vitamin A deposition in the 
fatty livers. Only the dogs found to have massive 
liver deposits of vitamin A had excreted the 
vitamin in the urine. [Aided by a grant from Swift 
& Co.] 

Effect of heparin on the thrombopenia of anaphy- 
lactic and peptone shock. Robert K. Ota (by 
invitation), Ivan D. Baronofsky (by invitation), 
and Armand J. Quick. Dept, of Pharmacology, 
Marquette Univ. School of Medicine, Milwaukee. 
In anaphylactic and in peptone shock heparin is 
liberated into the blood stream, histamine is 
released, and a marked drop of platelets occuj’s. 
In order to test whether heparin serves as a pro- 
tection against anaphylactic shock, particularly 
against the decrease in platelets, rabbits sensi- 
tized to horse serum were given as high as 1000 
units (10 mg. of Roche-Organon heparin) per 
kilo of body weight 10 to 60 minutes before the 
shocking dose was administered. The fall in plate- 
lets was not prevented: in both the heparinized 
and in the control animals, the drop from an aver- 
age normal of 500,000 to 75,000 occurred in 5 min- 
utes. Similar results were obtained using guinea 
pigs. 

Heparin in large doses (500 units per kilo of body' 
weight) did not protect dogs against peptone 
shock. -A marked drop in platelets as well as the 
usual signs of shock appeared promptly^ after the 
injection of peptone. No correlation between 
the severity of the shock and the magnitude of 
the platelet decrease was noted. In rabbits the 
thrombopenia was in several instances the only 
manifestation of shock. Histamine injected intra- 
venously produced no decrease in platelets. 
Splenectomized dogs were as susceptible to pep- 
tone shock as were normal animals. 

There appears to be no obvious correlation be- 
tween the decrease of platelets, and the production 
or release of heparin and histamine. Heparin does 
not appear to serve as a defense against shock. 

The relation of phospholipid turnover to renal 
damage in the choline-deficient rat. Jean M. 
Patterson (by invitation) and E. W. McHenry. 
School of Hygiene, Univ. of Toronto. Previous work 
from this laboratory indicated that ren.al damage, 
produced in ymung rats by a dietary deficiency of 
choline, was preceded by a decrease concentration 
of phospholipids in both liver and kidneys. This 
observation indicated that renal damage might 
be due to a lack of phospholipids needed for the 
development of the growing kidney'. 

This hy'pothesis has been further investigated 
with the aid of radioactive phospliorus (P^^). As 
previously' found, the concentration of phospho- 
lipids in the kidney's and liver was markedly' 
influenced by' choline deficiency; in this experi- 
ment the average concentration was: (a) with 
choline, 2597 mg. and 2472 mg. per 100 grams kid- 


ney and liver respectively'; (b) without choline, 
1358 mg. and 2135 mg. per cent. The percentages 
of the administered phosphorus recovered per 
gram of phospholipid were: (a) 7.95 and 12.8 (b) 
6.09 and 8.25. The organ weights in the two groups 
were different and, if the recovery of radioactive 
phosphorus is calculated per 100 grams of tissue, 
the percentages are (a) 20.6 and 31.4 (b) 8.3 
and 17.5. 

These results have been confirmed in two ex- 
periments with forty' animals; they' indicate a 
greater turnover of phospholipid in the kidneys 
and liver of animals given choline. A similar in- 
vestigation in older rats, in which kidney damage 
can be produced with difficulty' by' choline de- 
ficiency, indicates that phospholipid turnover is 
much less rapid; the consequent diminished need 
for choline explains the difficulty' of producing 
kidney lesions. 

The excretion of thiamin, riboflavin and nicotinic 
acid by fasting men. William A. Perlzweig, Jesse 
W. Huff (by' invitation) and Irma Gue (by invita- 
tion). With the technical assistance of Evelyn Volk- 
ringer. Dept, of Biochemistry, Duke Univ. School 
of Medicine, Durham. The average daily' urinary 
excretion of total nitrogen and of the 3 vitamins by 
13 normal y'oung men during a four d.ay' fast was ns 
follows: 


.i 

T.N. 

(gm.) 

Bl (7) 

B: 

(mgm.) 

N.A. 

(mgm.) 

Normal diet 

12.4 

216 

1.40 

8.1 

1st fast day 

9.0 

120 

1.45 

0.2 

2nd fast day 

12.0 

8S 

1.53 

8.3 

3rd fast day 

10.7 

72 

1.59 

8.0 

4th fast day 

10.3 

65 

1.32 

7.8 


The thiamin and riboflavin were estimated fluoro- 
metric.ally. The nicotinic acid values include the 
acid hydrolyzable nicotinic acid and N-methyl 
nicotinamide determined fluorometrically. 

These data confirm our previous observations 
in fasting dogs (J. Nutr. 24: 295, 1943) in regard to 
riboflavin and nicotinic acid. It is apparent that 
in starvation these 2 vitamins are liberated from 
the tissues which contribute the urinary nitrogen. 
The magnitude of the riboflavin e.xcretion suggests 
the probability of the liver being the chief source. 
The sharply diminishing excretion of thiamin 
probably reflects the much smaller concentration 
of this vitamin in the liver, and may' e.xplain the 
earlier susceptibility of man to depletion of Bi as 
compared with the other B vitamins. [Aided by 
grants from The NxUrilion Foundation, Inc., The 
,Tohn and Mary R. Markle Foundation and the 
Duke Univ. Research Council.] 

The oxidation potentials of cystine-cysteine and 
related systems. Lionel R. Ryklan (by' inviba- 
tion) and Carl L. .A. Schmidt. Division of Bio- 
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chcmklry, Univ. of California, licrkdcy. Hctcr- 
miiiiitions of the appiiront oxidiition potentials, 
E”’ under conditions of revorsibilily and cqui- 
libriuin, Imvo been carried out on a luunbcr of 
disulfidc-sulfhydryl systems. The potcntionictric 
titration method was employed and applied to all 
systems studied. \ solution of iodine containing 
potassium iodide or a potassium permaugauate 
solution was employed as oxidizing agent. In the 
ease of cystinc-cystcinc the )>otcntials of mixtures 
of the 2 components were also measured. Iodide 
ions facilitate this equilibrium. 

For the systems under consideration atid under 
the c.xpcrimental conditions, the following elec- 
trode reaction was postulated: 

RSSR + 2 11+ -b 2 0 pi 2 IISII 

In order to facilitate the calculation of E°' from 
the potcntiomctric titration data the following 
approximate equation was used: 

E^'iRssii-KxHiPi - Eh + 0.050 pH — 0.030 log 

0.050 + 0.0205 log 2 m 

100 — X 

where E* is the observed E.M.F. corrected to the 
hydrogen electrode, x is the percentage oxidation, 
and m is the initial concentration of the rcductont. 

The following values for E°' at 25° were ob- 
tained: thiophenol, 0.11; thioglycollic acid, 0.27; 
cysteine, 0.27; o-tliiocresol, 0.30; monothiolothyl- 
ene glycol, 0.35; thiolliistidinc,0.32; crgotluoucine, 
0.36; glutathione, 0.-15 volt. The corresponding 
equilibrium constants, are: 5.4 X 10’, 1.4 X 10’, 
1.4 X 10’, 1.5 X 10", 7.3 X 10“, 7.0 X 10", 1.0 X 
10", and l.S X 10". The values for —A F°'«ss., 
expressed in ealories are: 5100, 12400, 12400, 13SOO, 
16100, 14S00, 16600, and 20S00. 

Studies on adenine-thiomethylpentoside. F. 
ScHLENK and W. D.'Gingbich (by invitation). 
Univ. of Texas; M. D. Anderson Hospital for Can- 
cer Research, Houston; and Dept, of Bacteriology, 
Medical School, Galveston. An improved method 
for isolation of adenine-thiomethylpentoside from 
yeast has been elaborated. It consists in extraction 
with boiling water, repeated alcohol precipita- 
tions, phenol extraction, and cr 3 ’stallization. The 
j'ield is 10 to 25 mg. per cent. 

The biological function of this nucleoside is as 
yet obscure. Besides attempts to identify it with 
various growth factors, experiments have been 
made to establish its possible role in transmethyla- 
tion (cf. Lipmann, F., Advances in Enzjonology, I : 
99, 1941) either as a methyl donator or in catalj’tic 
concentration as a methyl vehicle. 

E.xperiments with rat liver slices were carried 
out. In the reaction methionine -b glycocyamine — > 
creatine + homocysteine (Borsook, H., and Dub- 
noff, J. W., J. Biol. Chem., 132 : 539, 1940) no sig- 


nificant effect resulted from the addition of ado- 
iiinc-thiomcthj'lpcntosido. Similarly negative 
results were obtained in nutritional e.xperiments 
with certain bacteria. Adcninc-thiomcthylpcnto- 
sidc -b homocysteine -b choline failed to substitute 
for the methionine requirement of Photobacterium 
pliospliorcum. The same combination failed to 
replace jucthiouinc for Eaclobacillus casoi c and 
Lactobacillus arabinosus in a medium containing 
amino acids and vitamins. Adcninc-thiomcthyl- 
pentoside can, however, satisfj’ tiic purine require- 
ment of tliQ latter two organisms. 

Physicochemislry of urca-treated proteins II. 
Mon'a Si’iEC!Kr..-ADOW’. Dept, of Colloid Chemistry, 
Temple Univ. School of Medicine, Philadelphia. 
Former studies (Fed. Proe. 2, 1913) on urea-treated 
proteins were extended in different directions. 

In a first scries of e.xperiments the effect of urea 
upon gelatin was tested as to the latter’s protect- 
ing power for colloid gold. It could be shown that 
treatment with urea reduces the protective power 
of gelatin by approximatclj' 50 per cent. The swell- 
ing of urea-treated gelatin is markcdlj' decreased, 

.\naIogous studies were made witii clectrolytc- 
froe pscudoglobulin treated with urea, with and 
without boiling. Urea treatment of pscudoglobulin 
decreases the gold sol protecting power of the pro- 
tein while additional boiling apparently does not 
affect the extent of these changes. 

Urea was finallj' used in irradiation e.xperiments 
on proteins with ultra-violet light. No formation 
of gold sol precipitating substances in irradiated 
gelatin (Bioeb. J. 28: 1201, 1934) could be detected, 
although urea, even after irradiation does not 
show anj' absorption within ultraviolet light range. 
Diluted pscudoglobulin solutions irradiated in the 
presence of urea show spcotrographically a marked 
increase in density (last transmitted line 295 mp. 
against 240 mp of the non-irradiated specimen). 
But contrarj' to the behaviour of pure pseudo- 
globulin (Bioch. J. 28 : 372, 1934) no gold sol pre- 
cipitating substances appear, tentatively identi- 
fied as decarboxylated amino acids. The increased 
light density' of the irradiated material (Haus- 
mann and Spiegel-Adolf) or a protective effect of 
urea for colloid gold analogous to one found 
against histamine precipitation may be account- 
able. The spectrographical changes observed, 
similar to changes described by Krumpel and 
Spiegel-.4.doIf, seem to preclude an interference of 
urea with the mechanism of light-denaturation in 
proteins. 

The effect of parathyroid extract upon the dis- 
tribution and excretion of labeled strontium. Wil- 
bur R. Tweedy. Dept, of Biological Chemistry, 
Loyola Univ. School of Medicine, Chicago. One 
hundred (Collip) units of parathyroid extract 
(Lilly) were administered subcutaneously to each 
of 6 young adult rats. One hour later a solution of 
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2 mgm. of SrCls, containing 2 to 3juc of radiostron- 
tiura, was administered, intraperitoneally, to each 
of these animals and to an equal number of their 
littermates. Each of 6 other young adult rats was 
injected with 100 units of parathyroid extract and 
24 hours later these animals and an equal number 
of controls received the same treatment as the first 
group. The animals were sacrificed 24 or 48 hours 
after the last injection. 

The average amounts of radiostrontium found in 
the tissues and excreta of the animals which re- 
ceived 100 units of parathyroid extract agreed 
closely with the values found for the controls. 

The amounts of radiostrontium recovered from 
the femurs of the animals which received 200 units 
of parathyroid extract did not differ significantly 
from the controls. However, twice as much radio- 
strontium was found in the gastrointestinal tracts 


(and contents) of these animals as in their con- 
trols, while less radiostrontium was recovered 
from the urine or feces of the former than from the 
urine or feces of the latter. The kidneys of the 
experimental animals contained approximately 
thirty times as much radiostrontium as the kid- 
neys of the controls. 

A marked accumulation of radiostrontium in the 
kidne}'s of rats has been produced by injecting a 
buffered phosphate .solution (pH 6.8) followed by 
the injection of labeled strontium chloride. [Aided 
hy the Ella Sachs Plolz Foundation and by a gift of 
parathyroid extract from Eli JAlly and Company. 
The author is also indebted to Prof. E. 0. Lawrence 
and Dr. Joseph G. Hamilton of the Radiation Labo- 
ratory, Univ.of California, for supplying the radio- 
strontium.] 
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Abstracts of papers received from the Secretary' of the Society. Since there will be no meet- 
ing in 1944 these papers are to be regarded as “read by title”. For possible corrections in 
any of these abstracts see the next issue. 


Choline esterase activity of normal and pre- 
eclamptic human placentas. B. E. Abbeu and R. A. 
Woodbury. Dept, of Pharmacology, Univ. of 
Georgia School of Medicine, Augusta. Within 30 
minutes of delivery normal and pre-eclamptic pla- 
centas were perfused with 3-5 liters of Ringer- 
Locke's solution by way of one or both of the 
umbilical arteries. When examination of the placen- 
tas indicated that most of the blood had been re- 
moved, bloodless portions were selected, weighed 
and placed in sufficient Ringer-Locke’s solution to 
make a 10% suspension. The material was then 
finely minced in a Waring Blender and 1 ml. sam- 
ples of the suspension were taken for analysis. 
Torda’s modification (Proc. Soc. Exp. Biol. & 
Med. 31 : 398, 1942) of Glick’s method for the deter- 
mination of choline esterase activity was em- 
ployed. 

Samples of placentas were taken for water deter- 
minations and choline esterase activity calculated 
on the basis of dry weight. At least 3 and some- 
times 6 determinations were made on 8 normal and 
13 pre-eclamptic placentas. Choline esterase ac- 
tivity expressed as micrograms acetylcholine chlo- 
ride hydroly'zed per mg. dried placenta per second 
were for normals 6.0 zfc S.E. of 0.15 and for pre- 
eclamptics 9.4 ± S.E. of 0.19. Statistical evalua- 
tion by the “t” method indicates that pre-eclamp- 


tic placentas have a significantly greater choline 
esterase activity than those of normals (t = 4.0). 

These data and observations that neostigmine 
lower arterial pressure of some pre-eclamptic pa- 
tients (see Woodbury, Abreu, Torpin and Fried, 
these abstracts) stress the importance of acetyl- 
choline in eclampsia. [This work was aided by a 
grant from Eli Lilly and Co.] 

Comparative effectiveness of 4,4'-diamidino stil- 
bene and other agents in experimental leishmania- 
sis. Hamilton H. Anderson and H. Y. Soong. 
Dept, of Pharmacology, Peiping Union Medical 
College, Peking, China. Adler and Tchernomoretz 
(Ann. Trop. Med. Parasit. 33: 313, 1939) reported 
4,4'-diamidino stilbene (Stilbamidine) active 
against experimental Indian kala-azar in Syrian 
hamsters. Subsequently (Ann. Trop. Med. Para- 
sit., 35: 9, 1941) they extended their observations 
and found L. infantum infections more resistant. 
Following a previously outlined procedure (Am. J. 
Trop. Med. 21: 461, 1941) we gave doses of 5 
mgm/kgm. (1/10 of L Dw) of 4,4'-diamidino stil- 
bene subcutaneously 3 times weekly for 5 weeks to 
30 Chinese hamsters (Cricetulus griseits) infected 
with a local strain of L. donovani. Of 26 survivors, 
23 were infected on completion of ther.apy and 3 
were not. 
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iSi\ oUlor agents W(‘n' sltidieil; 1/10 tlie E IXm 
dose was given 15 times in 5 weeks. Each dnig was 
employed in 15 hamstei-s. The ratio of treated ani- 
mals exhibiting no l.eishman-Donovan bodic.s in 
splenic material to .a number of .survivors of 
therapy was: Sodium antimony thioglycolnte, 
7/15; m-nitrobcnroic acid, 0/15; lithium antimony 
thiomalatc (Anthiomaline). 5/15; 3-carboxy-s-di- 
phonyl-carbamido-l’-.stilboido acid, 5/15; sodium 
antimony catechol thioglycolate, -1/15; and 'l,-!'- 
di.amino diphenylsulfone dextrose sulfonate (Pro- 
min), 0/14. 

Drugs of known clinical value examined by this 
procedure gave the following results; Ureastib- 
aminc, 24 survivors of 00 treated animals exhibited 
no Lcishman-Donov:in bodies in splenic material 
but sub-inoculations into clean hamsters revealed 
that half of the survivors were infected. Xeostib- 
osan, 2.3 survivors of 30 treated hamsters showed 
no infection but sub-inoculations indicated that 
13 aninmls were still infected. All e.xccpt 1 of an 
untre.ated group of 30 hamsters remained infected 
throughout the period of observation. 

Antibacterial properties of a sulfanilamide oxida- 
tion product. Geoug B.uikan. Evans Memorial, 
Mass. Memorial Hospitals and Eiochemislrp Dept., 
Boston Univ. School of .Medicine. It has been re- 
ported previously, before this society that nascent 
lO’drogen pero.vido as formed on autoxidation of 
hydrazine solutions, in presence of cupric ions, 
oxidizes sulfanilamide to a blue-violet derivative. 
The assumption that ou this oxidation the sulfon- 
amide group is lost has previously been theoreti- 
cally derived. It is not analytically proven, with 
the oxidation product isolated and purified. On the 
basis of elementary analysis and molecular weight 
determinations a tentative chemical structure of 
the derivative is offered. The purified material 
showed, alone and in presence of serum, a liigh 
antib.acterial (bacteriostatic) action in vitro 
against streptococcus hemolyticus, staphylococ- 
cus aureus and Type I pneumococcus. 

Further studies on the phase-boundary potential 
of acetylcholine. T. Cu.vufpe Babnes and R. 
Beut.ver. Depts. of Physiology and Pharmacology, 
Hahnemann Medical College, Philadelphia. The 
effects of temperature on the negative electrical 
potential of acetylcholine at an oil-saline bound- 
ary are variable and complex. Between 30°C. and 
50°C. the potential fell (sample experiment: 0.05 
per cent acetylcholine produced 47 mv. on cresol 
at 34'C. and 32 mv. at 42'’C.). Between 25°C. .and 
10°C. the potential dropjjed with the temperature 
(42 mv. at 23°C., 37 mv. at J5°C.). Below lO’C. the 
potential again rose (44 mv. at 3.S°C.). At high 
temperatures the oil dissoh'es in the saline; at low 
temperatures there is probably a sharper phase 
boundary. The results may explain the reduction 
of the spike potential in nerve at high tempera- 


ture, also the greater electrical activity of the 
cooled spinal cord. 

M- constant temperature the form of the potential 
rise after adding acetylcholine depends on the oil 
used. 'Flic potential rises sharply on nitrobenzene 
resembling a sjuke; on cresol the itotcntial rises 
more slowly resembling the action current in slow 
nerves. The choline curve resembles the negative 
after potential Tolnidine is inactive with acetyl- 
choline and with epinephrine but triacctin gives a 
potential with einnephrine but not with acetyl- 
choline (model of adrenergic nerve). 

The blocking action of atropine may be c.x- 
phiinod by its reversal of an oil emulsion (shown by 
B.ayer and Wense), The above model of the action 
current in nerve is su)jportcd by the demonstra- 
tion of acetylcholine in sensory nerves bj' Lissak 
and Pasztor. Nachmannsohn's ivork on cholines- 
terase docs not prove pre.sence of acetylcholine nor 
explain origin of potentiaU 

Chronic toxicity of an alkyl ether or cellulose 
methyl cellulose. RonunT Bauer (by invitation), 
.Vu.voi.D J. Deiiman and FnEDERicK F. Yo.vkman. 
l!'n;/nc Univ. College of Medicine, Detroit, Mich. 
Methyl cellulose is a water soluble derivative of 
cellulose synthesized in the cold by the interaction 
of methyl chloride and an alkaline solution of cel- 
lulose. Purified methyl cellulose produces a clear 
colloidal jell when combined with water. It was b}' 
the use of this jell that the e.xpcrimontal diets de- 
scribed below were mixed, dried and ground. For 
chronic studies four groups of five white rats were 
employed, three groups of females and one of 
males. These animals weighed between 45 and 60 
grams each at weaning. Male rats were included 
for the purpose of studying reproduction and 
effects of methyl cellulose on the second genera- 
tion under similar experimental conditions. One 
group of females served as the control and had free 
access to Steonbach’s wliole artificial diet, and the 
remaining groups were placed on this basic diet in 
B'hich 1.66 per cent (Dow Chemical Company), 
1.66 per cent (Hercules Powder Companj’) and 5 
per cent (Hercules) methyl cellulose had replaced 
carboly'drate. Each rat, then, in respective groups 
consumed per day of these e.xperimental diets 0.17, 
0.17 and 6.2 grams/kgm. of methyl cellulose. The 
experiment lasted for one hundred and eighty-four 
days. 

Growth and food intake curves showed that the 
experimental groups as compared to the controls 
gained weight more rapidly, attained greater aver- 
age weight at the conclusion of the experiment, 
and consumed more food per day. Gross examina- 
tion of the feces of rats on the methyl cellulose diet 
showed a mineral oil type of stool. Pathologic 
examination of one rat from each group revealed 
no gross or microscopic effects. 

It would seem, then, from this experiment that; 
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(1) methyl cellulose as synthesized by domestic 
chemical industries is nontoxic in the quantities 
used, (2) to secure sufficient nutrition the experi- 
mental rats must eat more bulk, and that, (3) due 
to the increased bulk and probably a better utili- 
zation of food by improved large bowel elimina- 
tion, a more rapid growth and greater body weight 
is attained. 

“Continuous” quinine administration in avian 
malaria infections. Harry Beckman. Dept, of 
Pharmacology, Marquette Univ. School of Medicine. 
Thirtj^ canaries were divided into 3 groups of 10 
each and allowed to be bitten by Cnlex pipiens 
mosquitoes carrying our 3H2 strain of Plasmodium 
calhcmerhtm . Late on the night of the fourth day 
plasmodia were found in the peripheral blood of all 
birds. During the fifth to eighth days, inclusive, one 
group was given 1 mg. quinine bisulfate in aqueous 
solution by mouth at 8 a.m., 2 p.m. and 8 p.m.; 
another group received the same total dosage but 
administered in appropriately reduced amounts at 
2 hour intervals continuouslj’^ throughout the 4 
days; the third group was held as untreated con- 
trols. Effectiveness of the two types of treatment 
was determined by quantitative studies of the 
rates of development of the plasmodia and by daily 
plasmodial counts. It was found that the “con- 
tinuous” type of treatment: a, effected an approxi- 
mately 24 times greater retardation in tropliozoite 
development that “three times daily” dosage; h, 
caused crisis to be reached on the second or third 
days in all birds instead of on the third, fourth, 
fifth or later days as in the “three times dailj'” 
treated birds. 

Monocaine compared with procaine regarding 
vasodilatation and irritation. R. Beutner. Dept, of 
Pharmacology, Hahnemann Medical College, 
Philadelphia. Procaine, the local anesthetic gen- 
erally used for injection is vasodilating (Kisch and 
others). An isomer of procaine, butyl-amino-ethyl- 
p-amido-benzoate, called “monocaine,” was found 
to be more nearly or completely free of vasodila- 
tion, so as to require less epinephrine. Schamps 
and Taintcr (Anesthesiology, 1942) tried to dis- 
prove this point but their observations also show 
that in many cases less epinephrine is needed with 
monocaine. Thus, c.g. the “median anesthetic” 
concentration of procaine tested by infra-orbital 
infiltration in rabbit is decre.ased from 0.295 per 
cent to 0.2 per cent if 1 : 50000 epinephrine is added; 
while for monocaine it is lowered far more, viz. 
from 0.35 per cent to 0.185 per cent by only 1 :75000 
epinephrine! Similarljq when testing both anes- 
thetics bj' infiltration of rabbit skin, the “median 
anesthetic” concentration of procaine is decreased 
less by 1:50000 epinephrine than that of monocaine 
b 3 ’ 1:75000 epinephrine; the respective figures arc, 
procaine: 1.5 —* 0.95%, monocaine: 1.2 -+ 0.66%. 
Onlj' in the human intracutaneous skin test the 


variation of potenej^ was found to be in the same 
direction as the epinephrine concentration. (Aboli- 
tion of epinephrine pressor effect by procaine or 
monocaine proves little since even ergotaminc, a 
strong vasoconstrictor, may abolish epinephrine 
action.) 

For testing tissue irritation by these two anes- 
thetics 2% monocaine was instilled repeatedly on 
the right eye, and 4% procaine on the left eye of 
13 rabbits (since monocaine is used in half the 
concentration of procaine). Neither of the drugs 
led to distinct irritation; only in one case the 
conjunctiva seemed slightlj’’ more reddened by 
procaine than by monocaine. 

A theory of the absorption of iron. Eldon IM. 
Boyd. Dept, of Pharmacology, Queen’s Univ., 
Kingston, Canada. Sheline, Chaikoff, Jones and 
Montgomery have shown (J. Biol. Chem., 1943), 
that accelerated absorption of radioiron from the 
gastrointestinal tract does not begin immediately 
after acute anemia has been induced but rather a 
fortnight or so later when hematopoiesis is active. 
This suggests that the stimulus to increased iron 
absorption is active hematopoiesis. The chief 
source of iron for hematopoiesis is stored iron. 
Boyd, Hitsman and Perry (Rev. Canad. de Biol., 
1944) found that when iron is injected intramuscu- 
larly, it is stored in man 5 ^ tissues of the bod}’’ in- 
cluding the tissues of the gastrointestinal tract. 
Based upon these facts, the theory is advanced 
that iron absorption, and hence the iron content of 
the body, is regulated by the amount of storage 
iron in the tissues of the gastrointestinal tract. If 
gastrointestinal tissue storage iron is saturated, 
little or no iron is absorbed. If gastrointestinal 
tissue storage iron is depicted by the demands of 
hematopoiesis, then iron is readil}’’ absorbed from 
the gut until body storage iron is again saturated 
and an equilibrium established. 

The use of thymol in clinical and experimental tu- 
berculosis. Clyde Brooks and Harvey Searcy 
(by invitation). School of Medicine, Louisiana 
Stale Univ., Nciv Orleans. Ralph McBurney, Har- 
vey Searcy, and Louise Cason were the first to per- 
form experiments on the effect of thymol on e.xpcri- 
mcntal tuberculosis in the guinea pig. Their 
publication is now in progress. 

Searcy, McBurney, and Rowe (J. Ala. Med. 
Assn. 2: 217, 1942) were first to I'eport the treat- 
ment of human cases of tuberculosis of the lungs 
with thymol. 

The present paper is a further report on the use 
of thymol both in experimental tuberculosis in the 
guinea pig, and also on human cases of tuberculosis 
of the lungs. 

A preliminary report of this work was read by 
title before the Boston sessions of the American 
Society for Pharmacology and E.xperimcntal 
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'I'hcrapculics (Brooks siiiil Bonrcy, Fed. Proc. 1: 
Pari 11:145, 1912). 

Two series of guinea pig.s liave. been sUulieii, 
using .adcqu.ate eontrol.s, wliieli sliow: 

Tliyinol treated animals did not all die; but all 
eontrols died. Thymol treated animals did tint lose 
as much weight as did the controls. Thymol 
treated animals did not have as much tuberculosis 
as .shown at autopsy, as did the controls. These 
residts indicate that the thymol exerts a restric- 
tive ofTcct on tuberculosis in the guinea pig. 

One hundred and seven human cases of tvdjercu- 
losis of the lungs have been treated with thymol, 
with eontrols of similar but untreated ca.se.s. The 
results thus far are ci\couraging. and will be re- 
ported in detail in dtte time. 

Anesthetic activity of the cis-trans isomers of tri- 
chloroethylidcne glycerol. Thomas C. BuTi.r.u. 
Dept, of Pharmacolngii , ]'an(lcrliill C'liir. School of 
Medicine, WashriUe, Tcnn. By bcnr.oylation, sepa- 
ration of the crystalline benzoates, and hydrolysis 
of the benzoates, trichloroe.thylidcnc glycerol (2- 
(trichloromethyl)-l ,3-dioxolnnc-4-mGthanol) has 
been separated into the component cis-trans iso- 
mers (e.ach a racemic modification). Their molting 
ranges are —50 to —35 and -f-lfl to -i-2S°C., respec- 
tively. Both arc soluble to the extent of about 3 
grams per 100 cc. of water. The two isomers have 
been studied in comparison with tribromootlianol 
with respect to their anesthetic and lethal effects 
in mice following intravenous and intraperitoneal 
injection. Both isomeric forms of trichloroethyli- 
dene glycerol produce a quiet anesthesia of brief 
duration and they are nearly' equal in activity. 
They are little less active both by the intravenous 
and by the intraperitoneal route than is tribromo- 
ethanol, but their lethal doses by both routes are 
notably higher. 

Relative acute toxicity of some organic compounds 
following oral administration and skin application. 
Heubert O. C.vlvery, John H. Dr.aizb and 
Geoffrey Woodard (by invitation). Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. In 
comparing acute toxicity by oral administration 
and skin application to r.abbits, diethylene glycol- 
monobutyl-ether-acetato (I), diethylene glycol- 
monoethyl-ether (II), diethylonc glycol (III), 
dimethyl phthalate (IV), 2-ethyl-ll,3 hexanediol 
(V), isobofnyl thiocyano acetate (VI), beta thio- 
cyano ethyl esters of Cjo-is fatty acids (VII), and 
beta-buto.xy-beta-thiooyano-diethyl ether (VIII) 
were considerably more toxic orally. 

a , a'-dimethyl-a-carbobuto.\ydihydro- gamina- 
pyrone (IX), 2-ethyl butanol (X), and 2-methyl- 
2,4-pentanediol (XI) were of the same order of 
toxicity by either route of administration. 

Dibutyl oxalate (XII) appears somewhat more 
toxic by topical application. 
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For a number of the above comi)ounds acute oral 
tnxicitics have also been determined \tsing rats, 
mice, guinea pigs and chicks. 

I and II arc absorbed ns readily by the iiitact as 
the abraded skin, whereas III and .XI are absorbed 
nntch more readily bj' the abraded skin. 

'I'he increasing order of oral toxicity for the com- 
pounds is IX, XI, IV, III, II, I, V,’X, XII, VII, 
VI, and VIII, whereas following topical applica- 
tion the order is IV, V, III, VI, VTT, II, I, IX, XI, 
X, XII and VIII. It is impossibic to predict 
toxicity by skin application from oral data and 
vice versa. 

Comparative assays of various digitalis materials 
by the U.S.P. cat method and the human method. 
Mc'Kf.en C.vttf.w, and IlAnny Goi.d. Dept, of 
Pharmacology, Cornell Univ. Medical College, 
i*lew York, iV. F. The data in the accomp.anying 
table arc illustrations of the limitations of the cat 
method as a measure of potency of digitalis mate- 
rials for oral administration in man. The U.S.P. 
oflicial technique was employed in the case of the 
cat method and the technique described in the J. 
Pharm. and Exper. Thcrap., 75: 100, 1942 for the 
human method. 


Preparation 

.. . . 

Potency in terms 
of USP Digitalis 
Reference 
Standard 1942 

Potency by 
human 
method in 
percentage 
of potency 
by cat 
method 

Cat 

method 

(intra* 

venous) 

Human 

method 

(oral) 

1. Dit^itaiinc Nnlivcllc . . 

ISO 

1000 

535 

2. Gitnliii 

100 

181 

181 

3. Indian Urpnin 

193 

99 

51 

•1. Lanatoside C 

300 

±160 

50 

5. Digitalis Leaf 

1.05 

KOO 

95 

0. Digitalis Tablels 

1.04 

0.90 

87 

7. Digitalis Tablets . 

1.17 

1.13 

97 

S. H. .A. *9 Leaf . 

1.32 

1.15 

S7 

0. Digitalis Leaf 

1.00 

0.94 

59 

lO. Digitalis Leaf 

1.84 

1.03 

5G 

11, Tincture Digitalis . 

1.40 

1.07 

76 

12. USP XI Reference Digitalis 

1.07 

1.33 

80 


It may be seen that vvhile the cat and the human 
assays sometimes give fairly similar results, there 
are frequent discrepancies. Some specimens of 
digitalis were nearly one-half as potent by the 
human as by the cat method. The greatest discrep- 
ancies appear in the case of purified materials. 
Di^taline Xativelle was more than five times as 
potent bj’ the human as by the cat method, and 
Gitalin nearly twice as potent. Urginin and La- 
natoside C, on the other hand, were only about 
one-half as potent by the human as by the cat 
method. These discrepancies are undoubtedly due 
chiefly to differences in absorption. 

The results indicate that a U.S.P. unit (intrave- 
nous cat method) may show considerable variation 
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in its effect by oral administration in man in the 
case of Digitalis Leaf and the Tincture, and that in 
the case of purified digitalis materials is without 
meaning. In the present state of our knowledge, 
therefore, the hmnan method of assay is essential 
to insure uniformity of digitalis materials by 
oral administration in man. 

Studies on synthetic curare-like compounds ; ac- 
tions and toxicity of some new quinine derivatives. 
Hakold F. Chase (by invitation) Arnold J. Leh- 
man, Kater Donelson (by invitation) and Paul 
Gradolph (by invitation). Wayne Univ. College 
of Medicine, Detroit, Mich. A series of seven new 
quinine derivatives (J. Pharm. and Exper. Therap. 
75: 265-269, 1942) were examined for their curare- 
like action. The compounds investigated were 
quinine n-propyl bromide, quinine isoamyl chlo- 
ride, quinine n-amyl bromide, quinine hexyl bro- 
mide, quinine isopropyl chloride, quinine n-propjd 
chloride, and quinine n-butyl chloride. All of these 
substances, with the exception of quinine iso- 
propyl chloride produced a curare-like paralysis in 
frogs in doses of less than 100 mg/kg. when ad- 
ministered by ventral lymph sac. 

LDso values, signifying complete paralysis, includ- 
ing paralysis of respiration, were determined by 
intravenous injection into rats, rabbits and dogs. 
The n-propyl bromide and chloride and the n- 
butyl chloride derivatives were most potent. The 
Thomas and Franke technique was employed with 
dogs to study further the curarizing power of the 
agents in the series. All compounds showed paraly- 
sis of the peripheral respiratory neuro-muscular 
mechanism without central depression in doses 
which ranged from 50% to 100% of the canine LD«,. 
Quinine n-propyl bromide had the widest margin 
of safety with its LD™ in dogs established at 5.9 
mg/kg. and the effective paralytic dose ranging 
from 2.5 to 5.0 mg/kg. Doses of 5.0 mg/kg. gave 
S0% protection against metrazol convulsions in 
dogs. 

Thus, on the basis of preliminary e.xperiments, 
quinine n-propyl bromide, which was the most 
effective member of the present series, is slightl 3 '- 
less potent than quinine ethochloride (J. Pharm. 
and E.xper. Therap. 75: 270-276, 1942) which gave 
complete protection from metrazol convulsions in 
a dose less than its LDm. 

Variation in reproductive phenomena by caffeine. 
Ralph H. Cheney. Dept, of Biology, Long Island 
Univ., Brooklyn, N. Y. Preliminary investigations 
regarding the effect of caffeine upon reproduc- 
tive phenomena indicate respiratory effects on 
the fertilized ova. The influence of caffeine on the 
fecunditj' and normalcj- of the progenej^ consti- 
tutes a separate pRase of the work. The eggs .and 
sperm of Arbacia punctulata were used as the 
experimental material for respiratory^ data. Meas- 
urements were made by means of the Warburg 


microrespirometer. White rats were the source of 
data on the fecundity and normalcy studies. 

Respiration: Caffeine-in-sca'-water percentages 
varied from 0.002% to 2.0%. Temperature was 
controlled at 25°C, total volume in each flask was 
2 C.C., and the readings recorded on oxygen con- 
sumption were made over a three hour period. The 
time relationship curve expressed in cu. mm. of 
oxygen consumed in non-caffeinized controls, was 
compared with the caffeinized e.xperimentals. 
Changes of less than 10% were not considered sig- 
nificant. Concentrations of caffeine-in-sea-water 
equivalent to 0.1% or above produced inhibition 
of oxygen consumption. Cleavage rates are also 
arrested in high concentrations. 

Fecundity: The rat colony fecundity studies are 
a part of a five ymar investigation. Diet eontrols 
maintained parallel conditions betn^een experi- 
mentals and controls with the exception of the 
caffeine intake. Different concentrations were sup- 
plied to the separate groups within the colony. 
The experimental group received only water with 
caffeine from the weaning period throughout their 
life. Data is incomplete, but there is some evidence 
of reduced fecundity. Final substantiation remains 
to be determined. 

A method for determining the length of action of 
barbiturates. Versa V. Cole and H. R. Hulpieu. 
Dept, of Biochemistry and Pharmacology, Indiana 
Univ. School of Medicine, Indianapolis. Previous 
work on convulsants bj' one of us indicated tlie 
possibility for the development of a test method 
for the length of action of barbiturates. A method 
has been developed on 4 barbiturates (sodium 
pentobarbital, sodium amy'tal, sodium barbital, 
and sodium phenobarbital). For the convulsant, 
strychnine was given .3 mgm. per kgm. by intra- 
peritoneal injection. This dose of strychnine kills 
70 per cent of male rats weighing from 65 to SO 
grams. A dose of each barbiturate was determined 
which W'ould protect at least 9 of 10 rats against 
death from stry'chnine when the barbiturate was 
given one hour before. The same dose of each bar- 
biturate was given one hour before. The same dose 
of each barbiturate given 2 hours before strj’^chnine 
to 10 rats .each, served to differentiate between the 
medium and long acting barbiturates. The deaths 
from strj’-chnine after sodium barbital and sodium 
phenobarbital arc the same at 2 hours as at one 
hour. Two hours after sodium amytal and sodium 
pentobarbital, 5 of 10 died from strj'chnine. To dif- 
ferentiate between sodium barbit.al and sodium 
IJhenobarbital, it was necessaiy to use 20 rats each 
at 48 hours after the barbiturates. Three rats out 
of 20 were killed by strychnine 48 hours after so- 
dium phenobarbital and 11 rats out of 20 were 
killed by strjmhnine 48 hours after sodium 
barbital. 

These results arc statistically significant and arc 
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not related to the dose of barbiturate or to tlie 
degree of nnnesthesia. This method of determina- 
tion has proved impractical on short acting com- 
pounds. It should bo useful in differentiating me- 
dium and long acting barbiturates, if the toxicity 
is not too high.- 

A simple demonstration of the Rittcr-Valll- 
Kosenthal-Heidenhain law. Helen C. Coombs and 
F. H. Pike (by invitation) Dept, of Hygiene, 
Brooklyn College and Columbia I/nfi'. Valli, about 
1702, showed that when a nerve is divided anatomi- 
cally the proximal end of the severed portion be- 
comes inexcitablo at a time when more distal por- 
tions closer to' the muscle remain c.xcitablo. This 
was confirmed a few years later by Ritter. A half 
century later Rosenthal and Heidenhain showed 
that a w.ave of increased excitability begins .at the 
proximal end of the severed portion of the nerve 
and passes out to the periphery. 

If a sciatic-gastrocnomius preparation is excised 
and the excised muscle drawn under the intact 
sciatic nerve of the frog, the nerve of the e.vcised 
preparation may be stimulated and the excised 
muscle made to contract while remaining in con- 
tact with the uninjured sciatic of the other leg. 
The gastrocnemius of the uninjured side will not 
contract. Stimulation may be carried out repeat- 
edly for h.alf an hour or more without causing any 
contraction of the uninjured side. If, however, the 
intact sciatic be cut, and the end remains in con- 
tact with the e.xcised muscle, the gastrocnemius of 
the previously uninjured side will contract. We 
would make the suggestion that this method of 
using an uninjured nerve in continuity affords a 
biological means of determining the effects of vari- 
ous agents upon the excitability of nerve without 
introducing the complications inevitable to any 
anatomical injury. 

The pressor action in the intact dog of 2-naph- 
thyl-(l')-methyl-imidazoline-h.rdrochloride (Priv- 
ine). Bn.rnroKD N. Graver and Harold F. 
Chase (by invitation) and Fredrick F. Yonk- 
HAN. IFaync Univ. College of Medicine, Detroit, 
Stick. Dogs were anesthetized with urethane, ether 
or sodium pentobarbital. The blood pressure was 
continuously recorded with a carotid cannula and 
mercury manometer and the respiration with a 
Mendenhall pleural cannula. The minimally effec- 
tive intravenous dose of Privine (Ciba) for the dog 
ranged between 1 and 5 micrograms per kilogram. 
Five micrograms of Privine per kilogram gave 
roughly J the response of an equal dose of epi- 
nephrine. Larger doses of Privine compared less 
favorably with epinephrine although their dura- 
tion of action was often twice or more that of epi 
nephrine. No dose of Privine gave as high a re- 
sponse as could be elicited by a suitable dose of 
epinephrine. The therapeutic ratio for Privine was 
high since 1 mg/kg. was not lethal. Tachyphylaxis 


with Privine was slight and inconstant for doses 
up to 40 miorograms per kilogram and was exhib- 
ited only b.v dogs anosthotized with sodium pento- 
barbital. Privine usually inhibited the rcspir.ation 
of dogs under pentobarbital, inconstantly in- 
hibited that of dogs under urethane and stimu- 
lated that of dogs under ether. Yohimbine and 
ethyl yohimbine markedly^ decreased the effective- 
ness of Privine but never reversed its action. Co- 
caine occasionally but only' slightly' potentiated 
the action of Privine. Priv'ine inconstantly poten- 
tiated the action of epinephrine. Privine seemed to 
be very' poorly' absorbed across mucous mem- 
branes. Largo doses (up to 50 mgs.) given rcctally 
or gastrically' did not alter the blood pressure or 
respiration. Relatively' large doses of Privine in 
the ileum occasionally' produced sligiit changes in 
blood pressure and respiration, as they' did at 
times when administered nasally'. Nasally, how- 
ever, therapeutic doses had no systemic effect in 
these experiments. 

Methods for the study of skin absorption. J. H. 
Draize and E. P. Laug (by invitation). Division 
of Pharmacology, Food and Drug Adminislration, 
Federal Security Agency, IVashinglon, D. C. 
Methods and procedures were devised for acute, 
short subacute and more prolonged subacute toxic- 
ity' studies of substances applied topically to ani- 
m.nls. Although animal skin differs from human 
skin, the rabbit for various reasons is the animal 
of choice. 

For acute toxicity tests, rabbits weighing 2.5- 
3.0 kg. are clipped free of hair around the body 
trunks; both intact and abraded (epidermal inci- 
sions spaced 2 cm. longitudinally' over the area of 
exposure) skin are e.xposed. The dose is held in 
contact with an area of skin 8 cm. wide around the 
trunk by a bell-shaped rubber cuff fitted snugly at 
the ends. During the 24-hour period of exposure 
animals are immobilized in a special holder (Laug, 
E. P., J. Lab. and Clin. Med., in press). From the 
mortality ratios at given dose levels the LDm is 
calculated. 

The techniques involved in the short subacute 
and more prolonged subacute experiments are 
essentially similar. The former experiments are 
designed to run 3 weeks, w'hereas the latter run 3 
months. Dosage levels in the short subacute e.x- 
periments are higher. Body weight curves, symp- 
toms of toxicity or dy'sfunction, hematology, 
chemical tests on blood and urine, histopathology, 
and kidney' and liver function tests are made. 

The subacute experiments are important be- 
cause (1) sj'stemic effects of repeated small doses 
on the animal may be observed, (2) systemic 
effects may' differ seriously' from those following 
acute exposure, (3) effects of repeated application 
to the skin m.ay' be studied (progressive deteriora- 
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tion as a barrier) and (4) the cmnulative effects 
finally manifested by a serious dermatitis. 

Diffusion respiration in the dog under pentothal 
sodium. W. B. Drapee and R. W. Whitehead. 
Dept, of Physiology and Pharmacology, Univ. 
of Colorado, Denver. Under certain conditions, 
the anesthetized dog in respiratory arrest can 
obtain sufficient oxygen for metabolic require- 
ments through diffusion alone. The necessary con- 
ditions are the replacement of the nitrogen in the 
respiratory tract and surrounding atmosphere 
with oxygen, and an adequate circulation. Under 
these conditions, the oxygen uptake from a spi- 
rometer by dogs in respiratory arrest induced by 
pentothal may be more than 80% of the amount 
taken up during spontaneous respiration. The 
uptake of oxygen in respiratory arrest is due to the 
affinity ■ of the reduced hemoglobin in transit 
through the alveolar capillaries for the oxygen 
within the alveolar spaces. As oxygen is removed 
from the lungs by the blood, there is diffusion of an 
equivalent amount inwards from the spirometer. 
The suction thus exerted is considerable and will 
cause collapse of the lungs if diffusion of oxygen 
from the spirometer into the lungs is prevented by 
seizure of the spirometer bell. The diffusion out- 
wards of COj is slower than the diffusion inwards 
of oxygen, and the alveolar CO., maj' reach 30% 
before death. Dogs in an o.xygen chamber may be 
held in respiratory arrest with pentothal for more 
than an hour and 3 'et spontaneously recover with- 
out the aid of an}' sort of artificial respiration. 
More than sixty dogs have been resuscitated from 
gross overdosage with pentothal through the use 
of diffusion respiration alone. The presence of sub- 
stantial amounts of nitrogen in the respiratory 
tract or surrounding atmosphere impedes the in- 
ward diffusion of oxygen and prevents effective 
diffusion respiration. 

The action of barbiturates on the motility of the 
cat’s stomach and intestines. N. B. Dreyer, L. 
Ray (by invitation) and V. Larson (by invita- 
tion). Dept, of Physiology and Pharmacology , L. I. 
College of Medicine, Brooklyn, X. F. Observations 
were carried out on the stomach and intestines in 
situ. The cats were either decerebrated or anesthe- 
tized with chloralose. Sodium salts of the barbitu- 
rates were injected intravenously in all cases. 
Dosages varied from fractions of a milligram to the 
usual anesthetic dose.- 

Small doses caused an increase in motility with- 
out a change in tonus. Thus, 1 mg/kg of sodium 
amytal produced an increase in motility lasting up 
to five minutes, followed by a return to normal. 
Doses of 4 mg/kg of sodium amytal raised the 
tonus and increased the height of contractions. .4s 
the dosage increased there was a still further rise 
in tonus and motility of longer duration than with 
the smaller doses. There appeared to be a rough 


parallelism between hypnotic activity of the bar- 
biturates and stimulating effect on the intestine. 

Anesthetic doses produced a transitory fall in 
tonus and diminished motility lasting for several 
minutes. This was followed by a period of in- 
creased motility and heightened tonus. If artificial 
respiration was carried out during the injection of 
anesthetic doses, the depression of tonus and mo- 
tility was slight or absent. 

Section of both vagi and splanchnic nerves does 
not alter these responses, showing that they are 
not of central origin. Administration of atropine 
(1 mg/kg) also does not abolish these responses. 

The thio-barbiturates on injection produce a 
temporary loss in tonus and diminished motility 
followed by a return to normal in five to ten 
minutes. 

The effect of stimulation of the vagus nerve on 
tonus of the intestine of the cat. N. B. Dreyer, L. 
Ray (by invitation) and V. Larson (by invita- 
tion). Dept, of Physiology and Pharrnacology , L.l. 
College of Medicine, Brooklyn, N. Y. The state- 
ment has been made that the effect of vagal stimu- 
lation on the tonus of the intestine depends on the 
pree.xisting tonus of the intestine. When tonus is 
high vagal stimulation diminishes it; when tonus 
is low vagal stimulation causes an increase. E.x- 
periments carried out in this laboratory have 
shown that vagal stimulation always increases 
tonus whether tonus be high or low. To test the 
above hypothesis the following e.xperiments were 
carried out. Movements of the intestine in situ 
(duodenum, jejunum, ileum, and proximal colon) 
were recorded in cats. The cats were either decere- 
brated or under chloralose anesthesia. The left 
vagus was sectioned in the neck for stimulation. 
Stimulation 7or a period of 30 seconds with a fa- 
radic current of subma.ximal intensity in the intes- 
tine with nerve supply intact produced an increase 
in tonus and motility. Increased tonus of the intes- 
tine was produced by sectioning of the sympa- 
thetic nerve supply. Vagal stimulation in this case 
produced a still further rise in tonus. Injection of 
morphine sulfate (1 mg/kg) causes an increase in 
intestinal tonus. Vagal stimulation, following 
morphine, causes a further rise in tonus. 

Lowering the tonus by the intravenous injection 
of 2.5% MgCb (1 cc/kg) or of papaverine hydro- 
chloz-ide (1 mg/kg), followed by vagal stimulation, 
results in an increased tonus. 

These results indicate that vagal stimulation 
gives the same type of response on the intestine 
regardless of the previous state of tonus. 

Cholinesterase activity in normal and thiouracil 
treated rats. Sydney Eleis and Mary A. Root 
(introduced by Otto Krayer). Dept, of Pharma- 
cology, Harvard Medical School, Boston. When 
male and female adult rats were supplied thio- 
uracil (1:1,000) for about three months in their 



SOCIETY FOR PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS 


71 


drinking water in order to suppress thyroid func- 
tion (Astwood, E. B., J. Pliarmacol. and Expor. 
Ttierap. 7S: 70, 1943), the cholinesterase activities 
of tlie sera and homogenized whole livers of these 
animals were found to bo about twice as lugh as 
those of control animals of the respeotivo sexes. 
In both the control and treated groups the sera and 
livers of female rats had higher cholinestornao ftc- 
ti%'itics than those of the males. The homogenized 
cerebral hemispheres of treated and untreated ani- 
mals of both sexes fell within the same rather nar- 
row range of cholinesterase activity. 

The increases in scrum and liver cholinesterase 
are not the result of a direct activation of cholines- 
terase by thiouracil, since, in vitro, added thio- 
ur.icil in concentrations between 1:1,000,000 to 
1:3,000 did not activate the enzyme (1:2,000 
caused slight inhibition). 

Our determinations were done by the Warburg 
constant volume manomctric method. The sera 
were diluted 1:10 or 1:20 with bicarbonate-salt 
solution; the livers, 1:20 or 1:S0; and the brain, 
1:20. The substrate was acetylcholine bromide in a 
final concentration of O.S M in the reaction mix- 
ture. This approaches the maximal substrate con- 
centration for the serum and liver enzj-mes. At 
lower concentrations the activities of serum and 
liver cholinesterase were diminished, whereas that 
of the brain was much greater. Furthermore, the 
brain enzyme hydrolyzed acctyI-;S-methyIcholine 
as rapidly as acetylcholine, while on the former the 
liver and serum had only a negligible action. [This 
rear/: was done tinder the auspices of the University 
Committee on Pharmacotherapy.] 

Relative effects of d- and f-amphetamine on meta- 
bolic rate in man. G. A. EsiEnsox. Tl'cst Virginia 
Univ. School of Medicine. 0;:-consumption and 
. pulse rate were determined 30, 00, 120 and ISO 
minutes .after oral administration of 20 mgm. of 
the sulfates of the optical isomers of benzedrine 
to 11 young adults. Technics used were the same 
as in a previous study fW. Va. Med, J. 37 : 74, 1941) 
of dl-araphetamine. All subjects received both 
forms, with an interval of 1 week between tests; 
d-amphetamine was given initiallj- in 5 and I- in 6. 
The average maximum increase in 0>-consumption 
during the 3-hour period, above the basal rate 
determined immediately before administration of 
either agent, was 11.5% for d- and S.5% for 1-ara- 
phetamine. A decrease occurred in 7 receiving 
i-amphetamine (av. for the whole group, —2.5%) 
and in 3 receiving d-araphetamine (av. for the 
whole group, —1.5%). Only 1 subject showed an 
increase of > 10% after f-amphetamine, while only 
3 showed an increase of < 10% after the d-isomer. 
However, the largest single increase (22%) was 
found with the 1-form and the largest single de- 
crease (10%) with the d-form. Changes in pulse 
>, rate were irregular. In view of the larger av. in- 


crease noted after dl-nmphctnminc (16.7%) than 
with either optical form, synergy of the latter 
must occur. 

The circulatory action of a number of new phenyl- 
propylamincs. Edotn J. Feplowb. Temple Univ. 
School of Medicine, Philadelphia, Pa. Tlio intra- 
venous circulatory activity of tlio foliowing pro- 
P3'lnmincs was compared witli that of correspond- 
ing plionothylamino derivatives and epinephrine in 
.atropinizod dogs ancstliotizod with nembutal: di- 
hj'droxy-v-kotO])Iicny]propylainine (I); hydroxy- 
•y-kotoplionylpropylaminc (II); liydro.xy- plionyl- 
n-propanol amine (HI); y-kctoplienylpropylaminc 
(IV), piienyl- n- propnnolaniino(V); motlio.xy-y- 
kctoplienylpropylamiiio (VI); dimotlioxy-y-kcto- 
phcnylpropylamino (VII). Tlicso derivatives all 
were found to exhibit pressor activity. The above 
listing is in tlio order of tlieir decreasing pressor 
effectiveness. Tlic most active compound (1) inani- 
gested 1/100-1/200 and the least active agent (VII) 
possessed < 1/5000 tlio activity of epinephrino. 

Benzedrine antagonism to certain effects of fur- 
furjl trimethyl ammonium iodide (furmethide). 
Edwix j. Fellows and RAViroxn W. Cit.vnino- 
HAM. Temple Univ. School of Medicine, Philadel- 
phia, Pa. Subcutaneous or intrav'enous injection 
of furmethide in unancsthetized dogs results in 
marked salivation, defecation and vomiting. Tlie 
intensitj’ ns well as duration of tiiose effects arc 
diminished bj’ subcutaneous or intr.avenous injec- 
tion of benzedrine. The lethal effect of benzedrine 
and furmethide appears to be additive and not 
antagonistic because in rats one third the intra- 
venous LDm of furmethide plus LDjo doses of 
benzedrine intr.avenously caused death in all ani- 
mals injected. 

The application of certain sulfathiazole prepara- 
tions to the nasal mucosa of rabbits. Edwin J. Fel- 
lows, Rai-mond W. Cunningham and Lawrence 
W. S.MITH. Temple Univ. School of Medicine, Phila- 
delphia, Pa. Despite their high alkalinity, solu- 
tions of sodium sulfathiazole have boon used ex- 
tensively in the nose and paranasal sinuses. Two 
reports have been made that inflammation always 
was detectable in rabbits after intranasal applica- 
tion of 5% sodium sulfathiazole solution and sub- 
sequent microscopic studj' of the sections from 
these animals. A 2.5% solution of sodium sulfa- 
thiazolc with 0.125% desoxyephedrino and a 5% 
suspension of microform sulfathiazole with 1.0% 
paredrine hj-drobromide recently have been intro- 
duced. The effect of these two preparations on 
nasal mucosa has not been reported. The present 
studies therefore wore carried out to determine the 
effect of intranas.al application of the following: 
I. 2.5% Microsulfathiazole suspension plus 1.0% 
paredrine hydrobromidc. 

II. 5.0% Microsulfathiazole suspension plus 1,0% 
paredrine hj’drobromide. 
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III. 2.5% Sodium sulfathiazole solution. 

IV. 2.5% Sodium sulfathiazole solution plus 

0.125% desoxyephedrine. 

A total of sixteen rabbits was used and each of 
the above preparations tested on a group of 4 ani- 
mals. After a ten day period during which 0.6 cc. 
quantities were applied to each nostril 3 times 
daily, the animals were sacrificed and microscopic 
examinations of the sections made b}' one of us 
(L. W. S.) without knowledge of the nature of the 
solutions applied. Little or no change occurred in 
the nasal mucosa of the rabbits treated with either 
I or II. There was however, definite evidence of 
inflammation in the two series in which III and IV 
were employed although the severe necrotizing 
changes reported by other authors for 5% sodium 
sulfathiazole solutions were not noted. 

Anticonvulsant properties of diethylsuccinyl urea. 
J. K. Finnegan. IFest Virginia XJniv. School of 
Medicine. Diethydsuccinyl urea, hitherto unde- 
scribed, was synthesized by the method of Michael 
(J. prakt. Chem. 35: 449, 1SS7) and its toxicity, 
hypnotic potency' and anticonvulsant properties 
were studied in mice. Intraperitoneal doses of 100 
mgm/kgm. are tolerated but no evidence of hypno- 
sis is seen until higher doses within the lethal range 
are reached. Upon oral administration, toxicity is 
appro.ximately the same as by the intraperitoneal 
route, although the larger doses produce hypnosis 
followed by recovery in a small proportion of ani- 
mals. When lethal doses of diethylsuccinyl urea 
and a certain convulsant dose of picrotoxin are 
simultaneously administered intraperitoneally, all 
mice so treated are protected from convulsions but 
later die of respiratory failure. These results are of 
interest in regard to the mechanism of action of 
hydantoinates and barbiturates vs. convulsants. 
Further study of diethylsuccinyl urea (succinal) 
and other di-substitute'd succinyl ureas is in prog- 
ress. [These cxperimcnis were done in the Dept, 
of Pharmacology, TJniv. of California Medical 
School.] 

Methyl cellulose as a solidifying agent for semi- 
solid media. J. K. Finneg.an (bj' invitation) and 
G. A. Eaierson. West Virginia Univ. School of 
Medicine. In testing its stability during growth of 
various Clostridia, it was noted that the aqueous 
gel formed by this ether is a suitable substitute for 
agar gel in semi-solid media of the tj'pe described 
by Spray (J. Bact. 27: 32, 1934). Twelve repre- 
sentative media were prepared with varj-ing con- 
tents of methyl cellulose. A content of 3-8% 
methyl cellulose is satisfactory. Methyl cellulose 
media cannot be made in bulk and tubed in the 
usual way; a weighed amount of the solid must be 
added to each tube. The ether withstands auto- 
claving well although it is precipitated on heating 
and redissolvcs upon cooling. .V brilliantly clear 
semi-solid gel results with the recommended con- 


centrations. Higher concentrations do not produce 
a gel suitable for plating, due to syneresis. 

The chronic toxicity of quinacrine (Atabrine), 0. 
G. Fitzhugh and A. A. Nelson (by invitation). 
Division of Pharmacology, Food atid Drug Ad- 
ministration. Federal Security Agency, Washing- 
io7i, D. C. Albino rats at the age of three weeks 
wore placed on diets containing quinacrine (Ata- 
brine) hydrochloride in concentrations of 100, 200, 
400 and 800 ppm. A relatively low protein (11%) 
diet and a high protein (35%) diet were used with 
each concentration of quinacrine. 

Toxic sy'mptoms were produced at all concentra- 
tions of quinacrine. At the 100 ppm. level the 
symptoms consisted of a slight retardation of 
growth and an uneven coat. At the higher levels 
the symptoms became progressively more severe. 
The 800 ppm. is the only dosage level which has 
significantly affected the mortality rate up to the 
present time. The animals on the low protein diet 
at this level lived an average of 96 daj's. Those on 
the high protein diet survived longer; however, 
there is only one of the original. 18 living at 11 
months. Blood studies showed a marked leukocy- 
tosis in the groups on 800 ppm. and a slight leuko- 
cy'tosis in the groups on 400 ppm. Grossly the rats 
on the higher dosages of quinacrine have shown a 
severe necrosis and vary'ing degrees of hyperplasia 
of the liver, generalized yellow staining of the 
viscera, peritoneal adhesions, relative enlarge- 
ment of the spleen, atroph}' of the testis, and other 
moderate changes due to inanition. Microscopi- 
cally the outstanding changes have been necrosis 
of the liver, focal necrosis of the myocardium and 
of voluntary muscles, hj'perplasia of the bone 
marrow, and the presence of small basophilic 
granules and of foamy macrophages in several 
locations. 

Further observations on the reliability of the hu- 
man method for the assay of digitalis materials. 
Habky Gold. Dept, of Pharmacology, Cornell 
Univ. Medical College, New York, N. F. A method 
for the assay of digitalis materials on humans was 
published Jul}', 1942. The unknown specimen was 
administered to a group of subjects which had 
previously been calibrated with the Standard Ref- 
erence Digitalis Powder and found sensitive to 
about 25% differences in dosage. The criterion was 
a change in the RT-T segment of the electrocardio- 
gram. The effects were ranked b}' the blind test. 
Studies have been extended to explore further the 
reliability of the method. 

Each of three cardiologists previously unfamil- 
iar with the method, independently- ranked the 
fracings obtained in the assay of one specimen of 
digitalis (HA9) which had been tested on seven 
calibrated patients. The results were as follows: 
100 mgm. of the unknown had the effect of 115.7 
mg. of the U.S.P. XII Reference Standard in the 
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case of Dr. En, 115.-} in tlio case of Dr. Cd, niui 
115.2 in the case of Dr. Pe. 

The reliability of the method wa.s tested in an- 
other way by assayine the Standard Reference 
Powder as an unknown against itself. Eighteen 
calibrated subjects were divided into three equal 
groups, and each group of six was used for a sepa- 
rate assay. The ranking of the tracings was made 
by one of us (H. G.) and independently by the 
electrocardiographic assistant (J. O.). In these 
assays 100 mg. of the unknown (in tliis case U.S.P. 
XII Reference Powder) had the following poten- 
cies in mg. of U.S.P. XU Reference Powder: 104.5 
(100.4) mg.; 102.2 (100,4) mg.; 107.7 (lOS.O) mg. The 
values in parentheses arc those of the electrocar- 
diographic assistant. 

These results lend strong support to the conclu- 
sion reached in the original description of the 
method that if appropriately calibrated patients 
arc cmplo.ved, digitalis materi.als may be assayed 
against the Standard by oral .-idministration in 
man with a high degree of reliability. 

Further studies on the central nervous system 
action of benzimidazole HCl. Loms Goodsian and 
Naxct H.A.RT (by invitation). Depl. of Pharma- 
cology i Univ. of Vermont College of ifcdicinc, 
Burlinglon. Detailed analysis has been made of the 
previously reported selective depressant action of 
benzimidazole on the cerebrospinal a.vis. Lower 
spinal segments are first to exhibit depression. 
After suitable parenteral doses (300 mgm/kgm .) , the 
ascending depression successively involves higher 
levels. Respiration remains adequate throughout 
a wide dose range, despite loss of skeletal muscle 
tone. Extreme muscular flacciditj' associated with 
exaggerated deep reflexes (and at times with 
clonus) is a unique neurological feature seen in 
both intact and spinal animals. In acute decorti- 
cate cats, “sham rage,” righting reflexes, and e.x- 
tensor rigidity are abolished by moderate doses. 
In decerebrate animals, e.vtensor rigidity and tonic 
neck and labyrinthine refle.xes disappear. In acute 
and chronic spinal cats, flexor (nociceptive) re- 
flexes are abolished, myotatic (stretch) reflexes 
enhanced, and skeletal muscle tone greatlj' di- 
minished. Analysis of spinal cord action potentials 
(courtesy Drs. A. Wilder and P. C. Lloyd) indi- 
cates that benzimidazole augments two-neurone 
arc transmission and depresses multineuronal 
arcs. Obtundation of nociceptive reflexes in ani- 
male permits surgical abdominal procedures. 
YTicther true analgesia exists is not yet known. 
Benzimidazole does not alter the E.E.G. and is 
useful for immobilizing laboratory animals for 
electroencephalography. Coramine specificall 3 ' 
anatagonizes benzimidazole, differing from other 
analeptics in this regard. Benzimidazole prevents 
electroshock convulsions in cats and monkeys 
(Offner apparatus). In a patient with Little’s 


disca.se given a mininmllj’ effective dose of benzi- 
midazole HCI intr.avenously (assistance of Drs. 
Wcsioj' Bourne and M. Digbj' Leigh gratefully' 
acknowledged), the outstanding clinical effect was 
temporary relaxation of skeletal muscular spasm. 
[This investigation has been made with the as- 
sistance of a grant from the Committee on Thera- 
peutic Research, Council on Pharmacy and 
Chemistry, American Medical Association,] 

The diuretic action of benzimidazole. Lows 
Goodman and Nancv Hakt (by invitation). 
Dept, of Pharmacology, Univ. of Vermont College 
of Medicine, Burlington. Rats given benzimidazole 
HCl intrapcritoneallj' (200 mgm/kgm. dnilj') uni- 
formly e.xhibit marked incrc.ascs in water consump- 
tion and urine output. Polj'uria is detectable 
within 3 days, reaches a peak plateau after 2 
weeks, and persists as long as benzimidazole is 
administered (120 daj's). Despite a 10 to 20-fold 
increase in urinarj' volume, chloride reabsorption 
is only minimallj' impaired. Average control 
values and data on best performers per 24 hr. 
period based on 100 Gm body woiglit are as follows ; 



H.O 

Urine j 

Urinari' 


eonsump'i 
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tion (cc.) ; 
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Control — 

10 

<2 

0,23 

Bcnzimiilnzolc j 

40 1 

30 j 

0.53 


Analj'sis reveals that polyuria results from poly- 
dipsia, that the diuresis is not “osmotic” in char- 
acter, that hypothalamic-hj'pophyseal mecha- 
nisms are not concerned, and that the polyuria is 
uninfluenced by large repeated doses of posterior 
pituitary (500 milliunits/100 Gm). In vitro and 
in vivo experiments indicate no direct benzi- 
midazole — posterior pituitary antagonism. 

Despite continued poIj'uria af?.d polydipsia, 
j’oung rats grow normallj', chloride balance is 
maintained, and no liistopathologic changes oc- 
cur in the hypothalamus, postpituitarj', kidneys, 
or other organs. The marked polyuria apparently 
results from a specific inhibition bj’ benzimidazole 
of renal tubular reabsorption of water per se. If 
this is true, analysis of benzimidazole diuresis has 
heuristic value. Further investigation of the effect 
of benzimidazole on renal function and water and 
electrolj'te metabolism are in progress. Congeners, 
minimal dosage and other species are being 
studied. [This investigation has been made with 
the assistance of a grant from The Committee on 
Therapeutic Research, Council on Pharmacy and 
Chemistry, American Medical Association.] 

A rapid method for the estimation of penicillin. 
A. Goth (bj- invitation) and M. T. Bush. Dept, 
of Pharmacology, Vanderbilt Medical School, 
Nashville, Tenn. Actively multiplying Staphy- 
lococcus aureus cultures produce nitrite from 
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nitrate. It was found that penicillin decreases 
the production of nitrite. This observation is the 
basis of a rapid method for the estimation 
of penicillin and other antibiotic substances 
(havicin) which inhibit the growth of Staphylo- 
coccus aureus. 

A twenty-four hour culture of Staphylococcus 
aureus is suspended in the porportion of 1 :4 in 
a culture medium which contains: peptone 2.0%, 
NaCl 0.6%, NaNO.i 0.02% and /j-amino-benzoic 
acid 0.05%. This suspension is cooled on ice for 
15 minutes. A standard solution of penicillin and 
the unknown solutions are diluted to contain 0.5 
to 1 .5 O.vford Units per cc. and 1.0 cc. portions are 
pipetted into 50 cc. Erlenmeyer flasks. Five cc. 
portions of the ice cold bacterial suspension are 
addefl. The flasks are incubated for 90 minutes at 
37°C. They are i-emoved from the incubator and 
placed in ice water. The concentration of nitrite 
is then determined. The determination of nitrite 
is based on the diazotization of the p-amino- 
bcnzoic acid present in the cultures and the 
coupling of this diazonium salt with N-(l- 
naphthyl) - othylencdiamine - dihydrochloride. 
Since there is an c.vcess of p-amino-benzoic acid 
present the intensity of the color depends on the 
amount of nitrite produced by the Staphylococcus 
aureus suspension. The controls without penicillin 
and the solutions which contain 0.5, 1, and 1.5 
Units of the standard solution of penicillin give a 
curve from which the concentration of penicillin 
in the unknowns can be read in O.vford Units. 

A study of the toxiciological and pharmacological 
actions of sec-butyl ethyl barbituric acid (butisol). 
Chauucs M. GnuBBii, Fhed W. Enus (by invita- 
tion) and Goi.dik Fubkdman (by invitation). 
Dept, of Pharmacology, Jefferson Medical College, 
Philadelphia. Although the to.xicological and 
pharmacological actions of sec-butyl ethyl bar- 
bituric acid (butisol) are still undetermined, it is 
being used in clinical medicine. So far the results 
of only one investigation have appeared in the 
literature, an article published by Fitch and 
Tatum in 1932, in which only rabbits and rats were 
employed. In the series of experiments here re- 
ported we used dogs, cats, rabbits, albino rats, 
white mice, terrapin and frogs. 

The intravenous LD50 was found to be 91 
mg./Kg. for rabbits and 90 mg./Kg. for dogs. 
The intraperitoiieal LD^ for white mice was 247 
mg./Kg. and for albino rats 06 mg./Kg. A com- 
parison of the toxicity of tiiis chemical and of 
other barbiturates was made along with these 
studios, using animals of the same kinds living 
under the same conditions. In rabbits butisol was 
found to be twice as toxic ns phenobarbital 
sodium. In rats it was approxiinateh' three times 
as active as phenobarbital sodium and also three 
times as active as ethyl n-butyl barbituric 


acid (neonal). In white mice it proved to be about 
half as toxic as pentobarbital sodium, about two- 
thirds again as toxic as phenobarbital sodium 
and three times as active as barbital sodium. 

In dogs nephrectomy' had no apparent effect 
on the duration of hypnosis due to sec-butyl ethyl 
barbituric acid. 

Its hypnotic action is shorter than that of 
phenobarbital sodium but longer than that of 
pentobarbital sodium. Fort}' per cent of the LDa 
caused hypnosis lasting approximately seven 
hours in dogs, two hours in rabbits, and three 
hours in albino rats. 

Like other barbiturates, a large dose injected 
intravenously in a dog will cause a fall in blood 
pressure, cutaneous vasodilatation, a decrease in 
the general tonus of the intact gut and a decrease 
in the activity of the uterus. On segments of 
excised rabbit and cat intestine sec-butyl ethyl 
barbituric acid was less depressant than pento- 
barbital sodium but more depressant than pheno- 
barbital sodium. This barbiturate was also more 
depressant on the vagus nerve of the terrapin and 
on the fi'Og’s heart than phenobarbital sodium but 
less depressant than pentobarbital sodium or 
ethyl n-butyl barbituric acid (neonal). 

The effect of digitalis (gitalin) in hemorrhagic 
shock in dogs. H. B. Haag and I. Taliaferro. 
Depl. of Pharmacology , Medical College of Vir- 
ginia, Rich7)iond. Under Dial anesthesia the aver- 
age fatal dose of gitalin (Verodigen) by intra- 
venous injection was determined on normal dogs 
and on dogs in which hemorrhagic shock had been 
produced by the method of Govier (J. Pharmacol. 
72: 317, 1941). 

For six normal dogs the fatal dose of gitalin was 
0.92 mg. per Kg., with an injection time of Si 
minutes. For six dogs which had been hemorrhaged 
3.6% of their bodyweight, the value was 0.85 mg., 
with an injection time of 80 minutes. All figures 
arc averages for the respective groups. Since there 
is no statistically signijficant difference between 
the two fatal dose values, it appears that previous 
hemorrhage does not affect the lethal dose of 
gitalin in dogs. 

A series of experiments was next performed m 
which all animals were hemorrhaged to shock 
levels (50-60 mm. Hg maintained for 30 minutes). 
Half of the animals were then treated with gitahn 
(15-40% of the average fatal dose intravenously) 
and the controls received corresponding volumes 
of saline. Three of these wore “paired” experi- 
ments; in these the average volume of hemorrhage 
in the controls was 4.2% of the bodyweight, in the 
treated 4.6%. Survival time' for the controls was 
126 minutes; treated, 140 minutes. The injection 
of gitalin usually provoked a transient rise m 
blood pressure. The results of all those experiments 
are in general agreement with Blalock (Arch. 
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Surg. 15: <02, 1927) who observed no bcncricial 
effect From digitalis given to dogs after severe, 
hemorrhage, although unlike Blalock’s experience, 
evidence of a particularly harmful inliuencc was 
not noted. 

The relative cfliciency of central nervous system 
stimulants in respiratory depression from morphine. 

G. vunoLn .A. H.vNOt.KV, Doukn-ci; Ensiikkg and 

H. Morrow Sw^knev. U»iv. of South Dakota 
Medical School, Vermillion. comparison of the 
effectiveness of amphetamine, caffeine, and 
metrazol in antagonir.ing morphine respiratory de- 
pression was made on eight liuman subjects. -A 
fairly consistent degree of respiratory depression 
was produced by' the subcutaneous arlministration 
of 0.5 mg. per kg. of morphine sulfate. The maxi- 
mal action becomes apparent in about one hour 
and remains constant for several hours thereafter. 

-As a basis for comparison, respiratory rtitcs were 
counted and the tidal exchanges and minute 
v'olumes measured with the subjects under basal 
conditions. Morphine was then admini.stcrcd and 
the above measurements were made .at half hour 
intervals. One hour after the administration of 
morphine, the stimulant was given and the ob- 
servations wore again repeated. 

The results obtained with amphetamine (0.1- 

0. 4 mg./kg., subcut.) was a prompt increase in 
respiratory rate to near or considerably above the 
basal level. The tidal exchange and minute volume 
increased in proportion to the change in respira- 
tory rale. The action of metrazol (3-10 mg./kg., 

1. M.) w.as uncert.ain. There was either no detect- 
able stimulation of respiration or a considerable 
latent period before mild stimulation became ap- 
parent. Caffeine (10-15 mg./kg., subcut., as 
caffeine sodium benzoate) usually produced some 
degree of stimulation, but its action was weak in 
comparison with amphetamine. 

The effect of bromide administered during em- 
bryonic development on learning tests in rats. Ben 
King Harked, Hughbebt C. Haxiilto.v (by 
invitation) and Versa V. Code. Dept, of Pharma- 
cology, Woman’s Medical College of Pennsylvania 
and Dept, of Psychology, Temple Univ., Phila- 
delphia, Pa. Sodium bromide was arhmnisteved 
to pregnant rats from the 3rd through the 20th 
day of gestation. The daily doses per kilogram 
of body weight were: group II, 40 mgm., group 
HI, 80 mgm., group IV, 120 mgm. Group 1-C, 
the controls were given no bromide. .After 
birth the young rats received no bromide except 
that obtained from the milk of their mothers. They 
were weaned at 20 days of age and giv'en their 
first maze-learning test 37 days later. Determina- 
• tions of bromide, by the Brodie-Friedman method, 
on blood and urine gave normal vmiues many day's 
before the first maze-test was made. There were 
127 rats in the 4 groups analyzed for learning. 


Jiesults of Maze Learning. From Cl-85 days caclv 
animal was given two trials per day in a five cul- 
do-.sac U-maze. The criterion of errors shows .a 
iwsitivc relationship between the number of 
errors and the strength of the bromide doses. 
The criterion of time shows that the group which 
received the highest dose of bromide was sig- 
nific.antly slower than each of the other groups but 
the other groups did not differ reliably among 
thcm.selvcs. 

The S-Tahlc Test. This test consisted of daily 
runs for IS days and was started when the rats 
were approximately 100 days of age. For each 
criterion; error scores, time scores, and "passing” 
the control group did much better than the 
bromide groups. 

Influence of sex upon resistance to ouabain in the 
rat. Harai.d G. 0. Holck and Kazoo K. Ki.mura 
(by inv'itation). Dept, of Physiology and Pharma- 
cology, College of Pharmacy, Vniv. of Xebraska, 
Lincoln. Ouabain,.! per cent in 0.0 per cent KaCl 
solution, was injected subcutaneously into SS5 
albino rats. Tlie LDm's were alike in the two sexes 
at the age of 1 month, but at 2 months the females 
required 23, at 4 months 07 and at 9-11 months 33 
per cent more than corresponding males. In con- 
trast to ouabain, average lethal doses of atro- 
phantin K were similar in the two sexes in 83 six 
to ten months old rats. Sex-difference to ouabain 
was also readily shown by administering 5 to 7 
mg. per Kg. (Pcnick Optimo or Merck) every' 5 
(but not 10) minutes subcutaneously or intraperi- 
tonenily', or 2.5 mg. per Kg. intravenously' every' 
3 minutes to normal or pontobarbitalized rats; 
but not to rats under urethane anesthesia. 

The larger males have relatively smaller hearts 
than females of similar age; however, results with 
males and females of the same size or with ad- 
ministration of ouabain per estimated heart in- 
stead of body weight still showed significant sox- 
differcnce. 

Using intrav'enous administration, pentobarbi- 
tal anesthesia and groups of 12 rats, spaying 
lowered the resistance to ouabain significantly so 
that no se.x-differencc was present between cas- 
trated males and females, though marked between 
normal males and females. However, in 2 other 
e.xperiments upon smaller groups and with differ- 
ent techniques, spaying had no certain effect. 
Castration of male rats in 3 experiments had no 
significant effect upon tolerance to ouabain, nor 
did administration of estrogenic hormones to one 
small group of spayed females alter the resistance. 
A significant se.x-difference existed between uni- 
laterally' adrenalectomized rats. [TAfs work was 
aided by a grant from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, 
American Medical Association and by supplies 
of ouabain and pentobarbital from S. B. Penick efc 
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Company and Eli Lilly and Company, re- 
spectively.] 

d lysergic acid d 1 hydrox'ybutylamide 2 - a syn- 
thetic oxytocic. II. Preliminary pharmacologic 
studies. A. C. Kikchhof (by invitation), N. M. 
Phatak, N. a. David and (by invitation) C. A. 
Racely. Dept, of Pharmacology, Vriiv. of Ore- 
gon Medical School, Portland. Initial investi- 
gation of d lysergic acid d 1 hydroxybutylamide 2 
(Methergine-Sandoz) has indicated that it is 
markedly oxytocic. Therefore further pharma- 
cologic study has been undertaken. In rats the 
human therapeutic dose (0.2 mgm.) per 10 grams 
of rat given subcutaneously had no lethal effect. 
In doses of 120 mgm. per kilogram administered 
over a period of 3 days gangrene of the tail did not 
result. In 6 dogs under light sodium pentobarbital 
anesthesia, methergine slightly enhanced the 
adrenalin effect, did not raise the blood pressure 
and, in doses ranging from 0.2 to 1.2 mgm. had 
little effect on the respiration. Using the Dreser 
apparatus in anesthetized rabbits, the respiratory 
rate and volume was found to be increased. In 
unanesthetized rabbits the respiratory rate was 
increased and but slight hyperthermia was noted 
when methergine was given intravenously in large 
doses (1.8 mgm. per kilogram). 

Studies on d lysergic acid d 1 hydroxybutylamide 
2— a synthetic oxytocic. I. Uterine studies. A. C. 
Kirciihof and W. M. Wilson (introduced by 
N. A. David), Dept, of Pharmacology, Univ. of 
Oregon Medical School, Portland. The pres- 
ent scarcity of ergot and the small yield of 
ergonovine from the crude drug has led to the con- 
tinued investigation of the chemistry and pharma- 
cology of lysergic acid derivatives. Stoll and 
Hofmann of Basel have synthesized, among several 
other derivatives, d lysergic acid d 1 hydroxy- 
butylamide 2 (Methergine-Sandoz). The general 
formula for this compound, as compared with 
ergonovine, may be shown as follows: 
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R* represents lysergic acid molecule. 


In preliminary' investigations methergine was 
found very' utcro-activc on both rabbit and guinea 
pig isolated uterine strips in concentrations com- 
parable to ergonovine. Methergine did not reverse 
the adrenalin response on isolated rabbit uteri as 
does ergotamine. Relaxation of the isolated guinea 
pig jejunum was noted indicating slight adrenergic 


effect. No effect was observed on the isolated 
virgin dog and rat uteri. In a series of 22 human 
cases administration intravenously of methergine 
in doses of 0.2 mgm. in the third stage of labor de- 
creased the blood loss and time from birth of 
baby to delivery of placenta. Methergine com- 
pares favorably with ergonovine in regards to its 
oxytocic effects. 

Comparative effects of pitocin and pitocin tannate 
in oil on the intact rabbit uterus. A. C. Kirchhof 
and W. M. Wilson (introduced by N. A. David). 
Dept, of Pharmacology, Univ. of Oregon Medi- 
cal School, Portland. The effects of pitocin and 
pitocin tannate in oil were studied on 8 rabbits 
using the Reynolds’ technic as modified by 
Kirchhof and David (West. Journ. Surg., Ohs. & 
Gym. 51: 277, July, 1943). The unanesthetized in- 
tact rabbit provided with uterine fistula is used 
and recordings are obtained by photographing the 
fluctuations in a water manometer connected to a 
balloon inserted into the uterus. Pitocin tannate in 
oil given intramuscularly in doses up to 8 units 
did not on any occasion cause tetany whereas 
pitocin produced an initial tetanic stimulation 
followed by rhythmic contractions. In general, 2 
units of pitocin produced contractions, after the 
original tetany, of approximately the same height 
and frequency as 6 units, intramuscularly, of 
pitocin tannate. The onset of action of pitocin tan- 
nate was delayed from five to ten minutes but the 
duration of the full effect lasted on the average 
over two hours. Page (Proc. Soc. Exper. Biol. 
& Med. 52: 195, 1943) used pitocin tannate in oil 
clinically and felt that this preparation had the 
same inherent disadvantages as other pitocin 
preparations in the induction of labor. Dieckmann 
and Kharasch (Am. J. Obstet. and Gynec. 44: 
820, 1942), on the other hand, reported clinical 
success in labor with the use of another long acting 
pituitary preparation, solution of posterior pitui- 
tary sulfonate. Regardless of the possible clinical 
use of pitocin tannate in oil, from the experimental 
standpoint we feel that this preparation may be a 
useful laboratory tool for the experimental evalu- 
ation of uterine antispasmotics. Investigations 
are now being continued using this drug in 
this way. 

Some circulatory effects of positive pressure 
respiration during anesthesia. P. Iv. Knoefel, 
J. P. HoL'r (by invitation), C. Quinn (by invita- 
tion) and A. M. Ambrose. Depts. of Pharmacology 
and Physiology, Univ. of Louisville School of 
Medicine, Louisville, Ky. Positive pressure anes- 
thesia which has been recommended for clinical 
use with nitrous oxide leads to stagnant anoxia. 
Seven barbitalized dogs respired for three hours 
from an oxygen-filled spirometer, weighted to 
give a pressure 7 mm. Hg above atmosiiheric pres- 
sure. M. the end of this period, mean arterial pres- 
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sure was 12 mm. llg below, femoral venous 
pressure 3.7 cm. HjO above, ami cardiac output 
(determined by the direct Pick principle) 6G per 
cent of the control values. The reduction in blood 
(low and increase in vcnoiis jircssurc did not, how- 
ever, lead to a reduction in plasma volume. In 
five similar experiments, plasma volume deter- 
mined with the dye T-1824 was 3 per cent above the 
control values after the three hour period. Hema- 
tocrit determinations indicated an increase of 14 
per cent in blood volume, chiefly as the result of 
an increase in rod cell mass. 

Simple rapid method for the estimation of sul- 
fonamides. Theodouk Kopr.\N’Yi and A. Eaiii. 
Viru.vo. Dept, of Pharmacology and Materia 
Mcdicd, Gcorgctou'ii Ihiiv., School of Medicine. 
Hallay applied Runge’s aniline test to the qualita- 
tive detection of sulfonamides using wood fiber 
paper (limit of sensitivity 1:10,000). Bogen used 
the same test for qualitative urine analysis. 

White wood fiber paper obtained from a single 
source was used for the semi-quantitative estima- 
tion of sulfonamides in urines, blood filtrates, 
plasma, serum and other body fluids. The general 
technique of the test is as follows: Porcelain white 
color reaction spot plates having uniform hemi- 
spherical depressions in the glazed surface %vore 
used for comparing the colors developed on uni- 
form circular test papers cut with a punch. Stand- 
ard solutions of sulfonanudes from 0.1-10 mg. 
per cent in dilute HCl or trichloracetic acid (0.5 
cc total volume) were placed in the depressions of 
the spot plate and circular test paper then added. 
The orange yellow colors developing on the test 
paper varied directly in intensity with concen- 
tration. This step was necessary to accustom the 
observ'er’s eye to the gradations of the jmllow color 
of the test papers. Volumes of 0.5 cc of acidulated 
urines, blood filtrates, plasma, serum or saliva were 
placed in the depressions and the color on the 
paper matched against the color of the paper 
placed in the appropriate standard solutions. Care 
must be taken that the acidity be approximately 
the same in the standards and test samples. 

Comparing the color of the test paper of the 
unknown with standards such as 0.3, 0.5, 1.0, 3.0, 
5.0, 10 and 20 mg. per cent will immediately de- 
termine the approximate range of concentration 
of the unknown, which then may be more accu- 
rately read by comparing with intermediate stand- 
ards or by standard colorimetric procedures. 

The maximum sensitivity of this test is about 
one part per million and is at least as specific as 
the diazotization tests for sulfonamides. 

The pharmacology and anesthetic properties of 
ispropenyl vinyl ether (propethylene ether). John 
C. Krantz, Jh,, C. jEi.tEPr Carr, Astos G. 
Hornby and Wieliasi E. Evans, Jr. Dept, of 
Pharmacology, School of itfedieme, University of 


Maryland, Isopropenyl vinyl ether (Propethylene 
Ether) which is isomeric with Cyprethylone Ether 
or cyclopropyl vinyl ether is a vohitile, colorless 
liquid with a characteristic ethereal odor. It boils 
at 55°C, and has a specific gr.avity of 0.78G at 
WfC. The compound exhibits anesthetic properties 
when administered to various species of laboratory 
animals. Its potency is three to four times that of 
ethyl ether. In man, Propethylene Ether produces 
good surgical relaxation and its anesthetic syn- 
drome is marked by the rapidity with which the 
patient recovers from the anesthesia. 

Irreversible damage of the central nervous system 
by barbiturate in cals. Stephen Krop (by invita- 
tion) and IlAnnY Gold. Dept, of Pharmacology, 
Cornell Univ. Medical College, New York, N. Y. 
In a recent study of iso-amyl /3-bromallyl bar- 
bituric acid, a permanent and irreversible damage 
of the central nervous system was observed in cats. 
The compound was administered by vein, by 
mouth, and by rectum to a total of 210 cats in 
doses varying from 30 to 200 mg. per kg., the 
lowest dose being in the range of human thera- 
peutic doses. Approximately 50% of the animals 
died. Of the survivors, about 7% showed motor 
and postural disturbances suggesting diffuse in- 
volvement of the central nervous system which 
continued for several months, the animals in 
other respects remaining well. These permanent 
changes in the central nervous system resulted 
from doses as low as 30 mg, per kg. They were not 
related to the depth or duration of the narcosis. 

The study was then extended to explore the pos- 
sibility of this phenomenon in the case of other 
barbiturates in common use, namely, seconal 
(similar to the above barbiturate but without 
bromine), pentobarbital (a rapidly acting barbi- 
turate), pernoston (similar to the first barbiturate 
except for the iso-but}'! taking the place of the 
iso-amyl group), and phenobarbital, a representa- 
tive barbiturate of long duration of action. For 
these e.xperiments, 110 cats were used, approxi- 
mately equally distributed between the various 
compounds. These doses varied from 30 to 200 mg. 
per kg. by oral administration. One-third of the 
animals died. The survivors recovered completely. 

The iso-am 5 'l jS-bromallyl barbituric acid was 
tested in 20 dogs udth 30 mg. per kg. by mouth. In 
these also the recoveries were complete. 

These results indicate that some barbiturates 
are capable of producing permanent damage of the 
central nervous system in the cat. The dog seems 
to be resistant. 

The metabolic fate of procaine in the dog. 
Edward L.xrson. Dept, of Pharmacology, Temple 
Unit’. School of Medicine, Philadelphia, Pa. The 
object of this investigation was to recover pro- 
caine or its metabolic products in pure form from 
urine of animals which had received the drug. 



78 


FEDERATION PROCEEDINGS 


Dunlop (1935), Goldberg et al. (1943) and others 
have reported the elimination of compounds which 
give positive chemical tests for procaine and p- 
aminobenzoic acid. Recently Kisch et al. (1943) 
have isolated p-aminobenzoic acid from human 
serum. 

In the present studj% a total of 10 gm. of i)rO' 
caine.hjulrochloride was given subcutaneously to 
two, twelve kilogram dogs over a period of three 
days and urine was collected daily for ten days. 
Quantitative analysis indicated that virtually all 
of the procaine is eliminated as such, as p-amino- 
benzoic acid, or their equivalent in the form of an 
unconjugated primary aromatic amine. The urine 
was e.\’tracted in continuous e.xtractors in alkaline 
and acid mediums with etliyl ether, ethyl acetate, 
petroleum ether or benzene. Though ethyl ether 
was the most satisfactor}', only small amounts of 
material could be recovered. Chemical tests on 
extracts from an acid medium of the urine from 
the first 5 or 6 days indicated tlie presence of an 
amine, presumably p-aminobenzoie acid and of 
small amounts of procaine in extracts from an 
alkaline medium. Tests for local anesthetic ac- 
tivity were positive with extracts from an alkaline 
medium but attempts to crystallize procaine or 
any of its products were not successful. Extrac- 
tion of dried urine with volatile solvents gave no 
further information. No aminohippuric acid or 
glycuronates could be isolated. 

The subcutaneous implantation of sulfamerazine 
and sulfadiazine in mice. Albert R. Latven (by 
invitation) and Arnold D. Welch. Depl. of 
Pharmacology, Mcdical-Rcscarch Division, Sharp 
and Dohmc, Inc., Glcnoldcn, Pa. Chemothera- 
peutic evaluation of sulfonamides in vivo requires 
the maintenance of essential!}' constant concen- 
trations of sulfonamide in the blood of infected 
animals. This has been attained in mice by the 
subcutaneous implantation of pellets (25 mgm. 
sulfamerazine or sulfadiazine and 5 mgm. methyl 
cellulose) which produced a peak sulfonamide 
concentration in the blood within 24 hours; the 
concentration fell rapidly, leveled off on about the 
fifth day, and thereafter decreased very gradually. 
This “plateau” concentration varied with the 
number of pellets implanted and w.as used for the 
chemotherapeutic evaluation of sulfamerazine 
and sulfadiazine. Twice as many pellets of sulfa- 
diazine as of sulfamerazine were required to pro- 
duce similar concentrations in the blood. About 
seven days after implantation mice were bled from 
the tail for the determination of the concentration 
of free sulfonamide and injected intraperitoneally 
with a suspension of virulent organisms. The 
mortality was recorded over a period of seven 
days; the percentage of mice surviving infection 
was plotted against blood concentration and the 


SBCio (Survival Blood Concentration 50 per cent) 
was calculated. 

Preliminary results with streptococcal and 
pneumococcal infections indicate that this tech- 
nique is well adapted to tlic evaluation of sul- 
fonamides such as sulfadiazine and sulfamerazine, 
Avhicii are slowly excreted by the kidneys. It 
has not been possible to maintain effective 
“plateaued” blood levels with the more rapidly 
excreted derivatives of sulfanilamide, such as 
sulfathiazole. 

Factors influencing the absorption of mercury 
from calomel ointments applied to the skin. Edwi.n 
P. Laug, Elizabetji Augiiey and Ernest J. 
Umbbrger (introduced by' Herbert 0. Calvery). 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 
ton, D. C. Inunction of rat and rabbit skin with 
various types of calomel ointments resulted in 
prompt increase in mercuiy concentration of 
liver and kidney, roughlj' proportional we believe 
to amounts absorbed. Using a pi-ocedure wherein 
exposure area, inunction time, period of contact, 
and amount of calomel per kg. body weight were 
kept constant, the effect of factors influencing the 
penetration of mercury through the skin were 
studied. Poor absorption of mercury was noted 
from lanolin (hydrous or anhydrous), mineral oil 
and petrolatum; good .absorption from lard and 
corn oil. A paste of proiJjdcne glycol and calomel 
gave outstanding absorption; by contrast, a paste 
of water and calomel gave poorest absorption. 
Combinations of some of the above vehicles 
showed that while lanolin by itself was poor, a 
50-50 mixture with lard gave mercury- absorption 
better than from either alone. Dilution of an oit- 
ment base with a solid, such as sulfathiazole or 
talcum, materially reduced absorption of mer- 
cury; in fact, “stiffening” by other means ap- 
peared to exert a similar effect. The state of 
subdivision of calomel proved important; sig- 
nificantly more mercury penetrated from mi- 
cronized than from ordinary powdered calomel. 
Covering the inuncted area with a more or less 
air-tight rubberized cloth increased mercury ab- 
sorption, not only from water soluble but also 
from grease bases. It would appear that the type 
of base, whether grease, vanishing cream or cold 
cream, is not the principal factor in the .absorption 
of mercury. 

Vascular permeability and fragility. HI. Potenti- 
ation of toxic doses of epinephrine by sodium bi- 
sulfite as revealed by pulmonary hemorrhage. 
II. C. Lawson (by invitation) and C. II. Tiiienes. 
Dcpl. of Pharmacology, Univ. of Southern Cali- 
fornia, Los Angeles. Rats of 100 to 210 grams 
were injected subcutaneously with varying doses 
of epinephrine in 1:1000 solution, with and without 
sodium bisulfite. Injections of epinephrine at one 
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site niul of biswlfite lU aiiotliorsito wore also made. 
The LDm (lose of ppiiicplirino was reported by 
Richards (Richards, R. K., Pliarmacol. and 
Expor. Therap., 79: 111, HH.1) to be 5.3 mR/K. 
Ill our experiments, this dose killed only 1 out of 
24 rats. The rats were snlxsetpiently killed with 
pentobarbital sodium and autopsy revealed a 
moderate degree of lung hemorrhnge. Doses of 
1.00 and 2.12 mg/K caused neither death nor lung 
hemorrhage (25 rats). However, 1.00 mg/K of 
epinephrine dissolved in 1 per cent. NallSOj killed 
6 of 25 rats and produced roughly four times ns 
much pulmonary hemorrhage as 5.3 mg/K of 
epinephrine given alone. Fi\’e rats u'ore injected 
with 100 mg/K epinephrine in 2 per cent XiiHSOj 
and 5 with 2.12 mg/K epinephrine in 2 per cent 
NaHSOj. These doses killed all the rats and caused 
massive pulmonary hemori'hage. 

R'lien epinephrine in a close of 1. 00 mg/K was 
injected at one site and equivalent volumes of 2 
per cent and of 5 per cent NaHSOs were injected 
at a distant site, the animals all survived and no 
lung hemorrhage occurred, [.lidod hi/ a grant from 
Parke, Davis <6 Co.] 

Isopropyl alcohol : rate of disappearance from the 
blood stream. .‘Vbnold ,1. Ekii.m.x.v and IlENnv 
ScHWEKUA (by invitation), ll’ni/ac Univ. College 
of Medicine, Detroit, Michigan. The concentration 
of isopropyl alcohol was defcrniined in the blood 
by distilling off the alcohol under reduced pressure 
into a solution of potassium dichromato in strong 
sulphuric acid. The reduced dichromato was esti- 
- mated iodometric.ally'. Blood isopropyl alcohol 
was followed in dogs for variable periods after the 
intravenous administration of 12.5 per cent, 25 
per cent, 50 per cent and 75 per cent of the surely 
fatal intravenous dose, representing 0.G4 cc. to 
3.84 cc. per kilogram body weight. The rate of 
disappearance of isopropyl alcohol from the blood 
w.as found to be proportional to its concentration 
in the body. This is in contrast to ethyl alcohol 
which disappears at a constant rate. This differ- 
ence can be accounted for by elimination of iso- 
propj-1 alcohol by several routes as liigh concen- 
trations of alcohol were found in the urine, s-aliva 
and vomitus. 

Effect of cinchona alkaloids in pneumococcus 
infection in mice. W. S. Loewe and H.xrry Goed. 
Dept, of Pharmacology, Cornell University Medical 
College, Netv York, A'. Y. Three types of compari- 
sons were carried out testing the influence of 
cinchona alkaloids (1) on the survival rate of mice 
infected with Type I pneumococcus, (2) on that 
of sulfanilamide-treated infected mice, and (3) 
on that of penicillin-treated infected mice. Each 
e.xperiraent consisted of a group of 3 to 12 con- 
trols, and a similar group of mice simultaneously 
infected with the same dose of pneumococci and 
treated with cinchona alkaloids. One culture of 


pneumococci was luscd. It was distributed into 
vials and dried at low temperature in vacuo. .'V 
virulence test was made in the case of each experi- 
ment, and a dose of organisms used which killed 
some, but not all, the control mice. The dose of 
pneumococci, the single doses of the cinchona 
alkaloids, the intervals between then, and the 
number of jirophylactic and curative doses were 
varied from one e.xperiment to another. The doses 
of the cinchona alkaloids alone and in combination 
with sulfanilamide %’nricd from those in the range 
of therapeutic doses for humans to toxic but sub- 
lethal doses for uninfected mice as determined in 
control experiments. The results thus far are based 
on c.xporimcnts with approximately SOO mice. 

The results arc summarized in the table. 


Drug 

No. of 
experi- 
ments 

Averase 

P.M.D. 

Quinine ... 

IG 

+1S.3 

Quinidine 

5 

+15.0 

Optochin 

2 

-33,3 

Sulfotiiinniidc 

11 

-H.5 

Penidi/in ... 

4 

-42.0 

Quinine + Sulfanilamide 

5 

+72.0 

Qiiiniclinc + Sulfnnilamido 

4 

+S.5 

Optochin + Sulfanilamide 

2 

-I5.S 

Quinine + Penicillin. . . 

4 

+58.3 

Quinidine + Penicillin . 

1 

+20.0 


P.M.D. (—) diminished rnDfUlity; (+) increased mortality. 


The influence of treatment on infected animals 
is indicated by a change in the mortality rate and 
is e.xpressed ns the percentage difference (P.M.D. 
— average of several experiments) between the 
per cent mortalities of the treated and correspond- 
ing control groups. 

In the borderline doses used, optoohin, sulfanil- 
amide, and penicillin produced relatively small 
improvement in the mortality rate as was to be 
e.xpected. It may be noted, however, that quinine 
and quinidine not only diminished the recovery 
rate from pneumococcus infection but diminished 
the recovery' rate in the sulfanilamide and 
penicillin-treated animals. 

Pitressin tannate on wafer exchange of dogs. 
Esther AIacueea (by invitation), Clipford 
Spingarn (by invitation) and Michael G. 
Mulinos. Dept, of Pharmacology, College of Phy- 
sicians and Surgeons, Columbia Univ., Neiv York. 
The antidiuretic effect of a single intramuscular 
dose of pitressin tannate in oil (PTO) persists for 
24 to 48 hours in contrast to 3 to 6 hours for the 
aqueous preparation. Eight normal dogs received 
daily injections of 5 units (1 cc) of PTO. The urine 
volume decreased S to 30 per cent while its specific 
gravity rose and water intake decreased S to 40 
per cent. The urine chloride excretion did not 
change during the injections. There was no altera- 
tion in hemoglobin, hematocrit or NPX values or 
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in plasma specific gravity. On the first day, 5 of 
the dogs showed no change in urinary output, an 
increase in the excretion of chloride of 10 to 20 
m. eq. There was a decrease in the water intake of 
3 of the dogs, probably due to the loss of solute 
in the urine. 

A water load of 25 cc per kilo given by stomach 
tube was retained maximally. The dogs refused 
water for 24 to 48 hours after such a test. 

When PTO injections were discontinued, the 
fluid balance returned to normal in 2 to 7 days 
depending on the number of injections (7 to 21) 
However, as long as 9 daj's after discontinuance 
of PTO a water load given as above was completely 
retained. 

When the dogs have recovered completely from 
the effects of PTO and are then limited to a water 
intake like that taken voluntarily during the 
PTO, they become extremely thirsty, but the 
blood and urinarj’’ findings arc analogous to those 
under PTO. 

Influence of diethylstilbestrol upon the effects 
of small doses of vasopressin. D. F. Marsh (by 
invitation), R. A. Woodbury and B. E. Abreu. 
DepL of Pharmacology, Univ. of Georgia, School 
of Medicine, Augusta. Stilbestrol administra- 
tions (3 mg./kg. per day in man and up to 55 
mg./kg. per day’’ for 6 days in e.\perimental 
animals) markedly modify the effects of pitressin 
in the male and female of man, dog and rabbit. 
The antidiuretic and pressor actions become 
more pronounced and prolonged. Small doses of 
pitressin which do not appreciably influence elec- 
trocardiograms in control experiments do have 
pronounced effects after 24 hours or more of re- 
peated doses of stilbestrol. The P-R interval may 
be lengthened, partial heart block sometimes oc- 
curs, extrasystolcs may occur, and the T wave 
may be changed. The diphasic blood pressure 
change showing transient reduction in the arterial 
pressure commonly obtained with large doses of 
pitressin, is produced by small doses whenever 
experimental animals have been pretreated with 
large doses of stilbestrol. 

This modification of the activity of pitressin is 
not present immediately after the administration 
of stilbestrol even though the stilbestrol was 
injected intravenously. It is present 24 hours after 
the first stilbestrol administration though most 
observations were made after 36 to 100 hours of 
stilbestrol administrations. 

These data are in accord with the histological 
observations that estrogens increase the renal 
toxicity of large doses of vasopressin (Byrom, 
Lancet 1: 129, 1939). Pre-eclamptic patients also 
are unusually rc-sponsivc to vasopressin (IV. J. 
Dieckmann, Toxemias of Pregnancy, pp. 131-133, 
C. Y. Mosby Co.). [This work iras aided hy a grant 
from Burroiighs-Wellcome ifc Co., Inc.] 


Toxicological studies of phthalylsulfathiazole. 
Paul A. Mattis and Wilbur M. Benson (intro- 
duced by A. D. Welch). DepL. of Pharmacology, 
Medical-Research Division, Sharp and Dohmc, 
Inc., Glenolden, Pa. Phthalylsulfathiazole, 2- 
(N^-phthalylsulfanilamido)-thiazole, produced no 
oral toxieity in mice in doses of 10 grams per kgm., 
and caused a 2 hour concentration of 2.4 mgm. free 
and 4.1 mgm. total sulfathiazole per 100 cc. 'of 
blood. In commercial rations, levels of less than 
10 per cent caused no depression in the growth rate 
of rats over a period of 30 days. 

Monkeys given oral doses of 5.0 grams per kgni. 
per day (6 doses) for 30 days demonstrated no 
histopathological changes, but showed anorexia 
and weight loss; smaller doses produced no toxic 
manifestations. Peak coneentrations of 0.9 mgm. 
free and 1.4 mgm. total sulfathiazole per 100 cc. 
of blood were produced. An average of less than 1 
per cent of the dose of 5 grams per kgm. was ex- 
creted in the urine. 

Sodium phthalylsulfathiazole administered in- 
traperitoneally to monkeys, daily for 10 days, in a 
dose of 0.1 gram per kgm., produced average 1 
hour blood concentrations of 3.4 mgm. free and 
11.6 mgm. total sulfathiazole per 100 cc., with an 
average of 60 per cent of the dose excreted within 
8 hours. A mild nephrosis was the only manifesta- 
tion of toxicity. Toxicity increased progressively 
with dosage (0.1, 0.33, and 1.0 gram per kgm. 
daily), and was accompanied bj' pathological 
changes limited primaril}’ to the kidneys. 

The low concentrations in the blood and the 
low oral toxicity result from the meager absorp- 
tion of phthalylsulfathiazole from the gastro- 
intestinal tract and its rapid excretion by the 
kidneys. 

An experimental design for the biological assay 
of epinephrine. Wm. T. McClosky, Bert J. Vos, 
Jr. and R. Blackwell Sjiith, Jr. (by invitation). 
Division of Pharmacology, Food and Drug Ad- 
ministration, Federal Security Agency, Washing- 
ton, D. C. The present official (U.S.P.XII) method 
for the biological assay of epinephrine employs 
the principle of assay by successive appro.xinia- 
tion. Methods based upon this principle are waste- 
ful of data in that no use is made of responses 
which fail to satisfy the criterion of equality > 
and also in that the design does not permit an 
easy, exact estimate of the reliability of individual 
determinations. 

A more efficient design, similar to that proposed 
by Bliss and Marks (Quart. J. Pharm. Pharmacol-, 
12: 182, 1939) for insulin, consists of using two 
dosage levels, differing by 50 per cent, for both the 
standard and the unknown preparations, l^-ach 
dose is given four times, the order being deter- 
mined by assigning the doses at random to a four 
by four latin square. Factorial analysis of the 
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responses gives the most probnblo potency of the 
unknown preparation, and tiic standard error of 
this observed potency is determined by moans of 
the analysis of variance. 

Using the experimental design and method of 
analysis of data outlined above, ten solutions of 
known potency, ranging in strength from 55 to 140 
per cent of the standard, were assayed on dogs 
meeting the Pharmacopooial requirements regard- 
ing sensitivity. The maximum deviation of po- 
tency found from the actual potenej' was 14.5 per 
cent, the minimum was 0.5 per cent, and the mean 
was 4.9 per cent. 

Evaluation of the Ia.\afive effect of some com- 
monly used laxative substances; with particular 
reference to dosage. H. A. McGuigan, F. Steig- 
JIANN and J. A. Dtoiewicz. Dcpl. of Pharma- 
cology and Therapeutics and Internal Medicine of 
the TJniv. of Illinois College of Medicine and the 
Cook County Hospital, Dcpl. of Therapeutics, 
Chicago. The laxative effect of phenolphtlialein, 
cascara sagrada, magnesium sulfate, Kar.aya gum 
and bran was tested on normal subjects and on 
patients complaining of constipation. The dose 
used was that given in the Pharmacopaeia but in 
the case of phenolphthalein and cascara larger 
doses were also tested. The results show that the 
official doses for phenolphthalein and cascara were 
too small to produce a laxative effect in over 60% 
of the cases; only when the dose was doubled and 
in constipated patients trebled, did the majority 
of patients have a laxative effect. The laxative 
effect was also evaluated from patient's impression 
of the effect; and also, in some instances, by deter- 
mining the weight and moisture content of the 
stools. The patient’s statement correlated fairly 
closely with the results obtained by determina- 
tions of the weight and moisture of the stoois. It 
appears therefore that the Pharraacopaeial dose 
of both phenolphthalein and cascara is not suffi- 
ciently large to produce a laxative effect. 

d-Tubocurarine Cl. and the liberation of the 
vagus substance in the turtle heart. A. R. McIn- 
TVBE and Ray E. King (by invitation) . Univ. of 
Nebraska Medical College, Omaha. A physiological 
solution containing 0.03 per cent KCl and buffered 
to pH O.S was found to be compatible with both 
turtle and frog hearts. Each continued a normal 
rhythm for several hours when perfused with this 
solution. When the hearts were arranged so that 
the turtle heart was perfused by means of a can- 
nula inserted into the sinus venosus and the per- 
fusate led into the frog heart by means of a Straub 
cannula, the hearts survived for the greater part 
of a day. Stimulation of the turtle vagus caused 
arrest of both hearts both before and after appli- 
cation of d-Tubocurarinc to the doner heart. 3.0 
mgs. of d-Tubocurarine Cl. (sufficient to curarize 
a 10 Kg. dog) applied to the turtle heart did not 


nbolish the vagal action .and the perfusate caused 
arrest of the frog heart. Atropine applied to the 
frog’s heart prevented any action of the perfusate 
obtained from the turtle’s heart. Tliese results 
show that d-Tubocurarine Cl. does not interfere 
with the liberation of the vagus substances in the 
turtle heart. 

Influence of d-Tubocurarine-Cl. on the libera- 
tion of potassium from frog skeletal muscle. A. R. 
McIntyre and Ray E. King (by invitation). 
Univ. of Nebraska Medical College, Omaha. Pairs 
of frog-gastrocnemius muscles were placed in 
beakers with a small amount of De Boer’s solution 
(a modified Ringer solution). After equilibration 
in the beaker for 28 minutes, one muscle was stimu- 
lated indirectly for 7 minutes with a tetanic stim- 
ulus. The other muscle was .allowed to remain in 
the solution, ns a control, without stimulation for 
an equivalent length of time. The same procedure 
was carried out with another pair of muscles of 
equal weight, but to each beaker containing the 
muscle and solution was added one part per thou- 
sand of cry'stalline d-Tubocurarine Cl. The mus- 
cles were removed at the end of 35 minutes and 
the potassium content of the solutions determined. 
All the muscles lost potassium. The muscles in the 
beakers to which curare has been added lost more 
potassium than their corresponding non-curarized 
pairs. The muscle exposed to curare and indirectly 
stimulated lost approximately twiee as mueh 
potassium as the muscle indirectly stimulated and 
not exposed to curare. It is eoncluded that curare 
augments the rate of loss of potassium from muscle 
in vitro under the conditions of the experiment 
both in indirectly stimulated and non-stimulated 
muscles. 

The comparative toxicity of the veratrum alka- 
loids. Rafael Mendez (introduced by Otto 
Krayer). Dcpl. of Pharmacology, Harvard Medi- 
cal School, Boston. Although pure veratrum alka- 
loids were repeatedly compared in the past as to 
their activity in intact, unanesthetized mammals 
(1), none of the investigators had available pure 
substances in sufficient number and quantity for 
the method of comparison chosen to present satis- 
factory information as to the relative potency of a 
larger series of these alkaloids under identical 
experimental conditions. 

We examined the following pure substances: 
Protoveratrine, protoverine, germine, jervine, and 
nibijemne, from Veratrum album, Linn.; and 
veratridine and cevine, from Veratrum Sabadilla, 
Retz. 

To utilize fully the limited quantities of the 
alkaloids available, white mice of both se.xes, 
weighing from 15 to 30 grams, were used, and each 
dose was injected to a group of six animals by way 
of the tail vein. Injections were always made in a 
period of exactly ten seconds, and the strength of 
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the solutions was adjusted so as to contain the 
dose in a volume of 0.1 to 0.4 cc. Protoveratrine, 
veratridine, cevine, germine, and protoverine were 
dissolved in molecularly equivalent amounts of 
hj'drochloric acid, buffered to approximately pH 
7.0 with sodium bicarbonate, and injected in 0.9% 
sodium chloride. Jervine and rubijervine were dis- 
solved in a small amount of glacial acetic acid, 
buffered to approximately pH 6 with sodium bi- 
carbonate, and injected as the alkamine acetate. 
From the observed mortality for each dose, the 
deduced mortality was determined according to 
the method of Behrens (2) . The normal equivalent 
deviation was determined for the percentage mor- 
tality as recommended by Gaddum (3), and the 
average lethal dose, or L.D. 50, was read from the 
straight line obtained by plotting the logarithm 
of the dose against the normal equivalent devia- 
tion (see table 1). 

TABLE 1 


The toxicity of the veratruifi alkaloids (mice, intravenous 
injection) 


Substance 

Empirical 

formula 

Mol. 

weight 

L.D. 50 
(mgm./ 
kgm.) 

L.D. SO 
(milli- 
mols/ 
kgm.) 

Protoveratrine . . . 

CjoHoiOuN 

751 

0.04S 

0.000004 

Veratridine 

C«HmOi,N 

073 

0.42 

0.000028 

.Jervine 

CjtHisOjN 

425 

9.3 

0.0219 

tul)ijervino 

CsjILiOjN 

413 1 

70.0 

0.170 

^Jevino 

CjtH.iOsN 

509 

87.0 

0.170 

Germine 

CjjHoOsN 

509 

139.0 

0.274 

Protoverine 

CstH.iOsN 

525 

194.0 j 

0.367 


Protoveratrine, a tri-acyl-ester of protoverine, 
is ten times as toxic as veratridine, a mono-aejd-' 
ester of cevine. The alkamines, which are all C >7 
compounds, arc much less toxic than the ester 
alkaloids. The toxic doses (L.D. 50) of jervine, 
rubijervine, cevine, germine, and protoverine are 
in the rates of 2, 2, 3, and 4. There arc conspicu- 
ous qualitative, as well as quantitative, differ- 
ences, not only between the ester alkaloids and 
the alkamines as groups, and between the two 
ester alkaloids, but also among the alkamines. 
[This work was done under (he auspiees of (he 
Unir. Com/niticc on Pharmacolherapy.] [Dr. W. -4. 
Jacobs generously supplied all (he alkaloids except 
vcrairidinc, ichich teas prepared by 11. P. Linslcad 
and D. Todd.] 

Refehe.vces: (1) Falk, E. See Fueund, M., 
AXD H. P. ScHWAKZ. Bcr. d. dcutscheu chcin. 
Gesell. 1899: SOO; Hei.vz, R. See Freuxd, M. Ber. 
d. dcutschen chem. Gesell. 37: 1946, 1904; Haa.s, 
11. T. A. Arch. f. exper. Path. u. Pharinakol. 189: 
397, 193S; IMe.vdez, R., and G. IMo.ntes. J. Phar- 
macol. and Exp. Tlicrap. 78: 23S, 1943. (2) Bnii- 
REN-s, B. Arch. f. exper. Path. u. Pharmakol. 140: 
237, 1929. (3) Gaddcm, J. H. Med. Res. Coun. 
Spec. Rep. Ser. No. 1S3, 1933. 


Antagonism of the antibacterial action of atabrine 
and propamidine in vitro by spermine and spermi- 
dine. A. Kathrine Miller, Lawrence Peters 
and D. K. Bosshardt (introduced by A. D. 
Welch). Frotn the Depts. of Pharmacology and Bio- 
chemistry, Medical-Research Division, Sharp and 
Dohmc, Inc. Glenoldcn, Pa. Silverman and Evans 
(J. Biol. Chem. 150: 265, 1943) have described 
antagonism of the antibacterial action of atabrine 
with spermine or spermidine. We have found that, 
although M/2000 atabrine in bactopeptone me- 
dium completely inhibited the growth of Esch- 
erichia coli during an incubation of 96 hours, the 
addition of M/2000 or M/4000 spermine or sper- 
midine (isolated from pancreas) to M/200b ata- 
brine caused visible growth in 5 to 6 hours; control 
tubes showed a similar turbidity in 4 hours. Meas- 
uring turbidities photoelectrically at the time 
when maximal growth in the control tubes was 
just attained, and using a level of atabrine 
(M/4000) that barely allowed growth, complete 
reversal of atabrine inhibition was not produced 
b}’’ the compounds. Antagonism of 1 mol of ata- 
brine was incomplete with approximately 0.4 mol 
of spermine; with spermidine, 1 mol; with larger 
amounts antagonism was not increased and with 
putrescine antagonism was absent. In this medium 
M/2000 spermine slightly inhibited growth, an 
effect not noted with spermidine or with M/10,000 
spermine. 

In salt-glucose-asparagino medium, allowing for 
the stimulation of growth caused by both spermine 
and spermidine, partial antagonism was produced 
by approximate!}’’ 5 mols of spermine or of sper- 
midine to 1 mol of atabrine. In both media sper- 
mine and spermidine slightl}’’ antagonized pro- 
pamidine inhibition but had no effect on the 
inhibition of quinine, sulfanilamide or sulfathia- 
zole. Mapharsen apparently reacted chemically 
with spermine since a brown color developed on 
incubation of mixtures. 

Potency of sodium dehydrocholate (decholin so- 
dium) as a diuretic agent in man. Walter Modell 
(by invitation) and Harry Golo. Dept, of Phar- 
macology, Cornell Unit). Medical College, Sew 
York, A^. Y. This was investigated in a group of 25 
ambulant patients with advanced heart failure, 
who were only partly relieved by digitalis and who 
showed marked additional improvement with 
potent diuretics. The effect of decholin sodium in a 
dose of 2 grams in a 20 per cent solution was com- 
pared with that of mcrcupurin intravenously. A 
dose of mercupurin was alternated at weekly inter- 
vals with a dose of decholin or a mixture of declio- 
lin and mercupurin. There were in all about 200 
injections. The effect was measured by the loss of 
body weight in the 15 hours following the dose. 

The results fall into 3 groups: 

(1) .Sensitive patients losing an average of 4.6 
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lbs. lifter I cc. inercupurin. In these tlic olTcct of 
dccliolin was 10 per cent (M to 00) as groat. 

(2) Resistant patients siiowing no greater 
weight loss (1.3 lbs.) after twice the dose of niorcu- 
purin (2 cc.). Tliese were also more resistant to 
decholin, the effect of the same dose being only 21 
per cent (3 to 33) as great. 

(3) The mixture of the two drugs produced a 
diuretic effect which was substantially a summa- 
tion of the effects of each. 

In one patient the decholin produced an imme- 
diate reaction; flushing, giddiness, and vomiting. 
-Ml experienced the bitter taste. 

From determinations of the blood NPN and 
urinalyses at intervals of two weeks during the 
course of the study, there was no indication that 
the mcrcupurin or the decholin produced any renal 
damage. 

The effect of sulfonamides on the central nervous 
system in dogs. Chari.es F. JIoroan, SAStuEt A. 
CoBSo.x, E.\Tth ViviNO and Theodobe Kor- 
PANYi. Dept, of Pharmacology and Materia ^[cd!ca, 
Georgetown Univ., School of Medicine. Sullatbiazole 
(3-7.5 grams/kg.), sulfapyridine (1 .5-1 grams/kg.), 
and sulfanilamide (3 grams/kg.) were adminis- 
tered orally to 20 dogs in mucilage of acacia sus- 
pensions. 

Sulfathiazole (9 dogs) produced no visible toxic 
symptoms beyond salivation, nausea, vomiting 
and some Lassitude. 

Sulfapyridine (3 dogs) produced salivation, nau- 
sea, vomiting, slight or no ataxia, marked mydria- 
sis and abolition of pupillary light reflex, and after 
2-3 hrs. marked clonic convulsions recurring at 12 
minute intervals for small closes — higher frequen- 
cies for larger doses. Between attacks those receiv- 
ing the minimal dose recovered fully, showed 
normal placement and body righting refle.xes, (ap- 
parently) normal vision and hearing, and occasion- 
ally a brief, tetanic convulsion. Recovery took 
place in about S hrs. 

Sulfanilamide (8 dogs) produced “gastro-intes- 
tina!” toxic symptoms, ataxia, spastic gait, loss of 
placement reactions, hypalgesia or analgesia, and, 
after 3-4 hrs., a behavior indistinguishable from 
the classical decerebrate rigidity (already inti- 
mated by Hawking, and Marshall) and apparent 
absence of vision and hearing, but intact pupillary' 
refle.xes. Following the 2|-3 hr. period of rigidity, 
the animals sometimes collapsed (most righting 
reflexes absent e.g. deviation but no nystagmus, 
no landing reflex). Animals recovered in 7-S hrs. 
Nembutal 3-10 mg./kg.) abolished the rigidity', 
mctrazql (10 mg./kg.) restored it. One animal 
received sulfanilamide for 6 consecutive weeks 
(3 grams/kg. weekly'); the onset of the nervous 
s.vmptoms and the recovery were progressively' 
delayed to about 16 hrs. and 2-3 day's respectively'. 

In resum6, doses, above therapeutic levels, of 


sulfatbiazolo produced no apparent ncurotoxic 
sy'niptoms; of sulfnpy'ridine — intorfcrcnco with the 
pupillary' light reflex, clonic convulsions but no 
rigidity; of sulfanilamide — ataxia, abolition of the 
placement reactions, rigidity but no convulsions, 
and no interference with the light reflex. 

Choleretic action of certain halogenated fatly 
acids. James L. Morrison (introduced by' E. L. 
Jackson). Dept, of Pharmacology, Emory Univ. 
School of Medicine, Emory Univ., Ga. The 
choleretic action of a-chloropropionic acid, p-chlo- 
ropropionic acid, a-bromopropionic acid, ^-broino- 
propionic acid and o'-bromobuty'ric, injected intra- 
venously' as the sodium salts in dogs lightly 
anesthetized with sodium pentobarbital, was stu- 
died, following the method previously' described 
(Fed, Proc. 2 : 78, 1913) . In each case, with the excep- 
tion of /3-cliloroprionic acid, a dose equivalent to 
0.25 mM/Kg. resulted in a 200 to 300 per cent in 
crc.asein bile flow within 30 minutes. In the case 
of i3-ehloropropionic this same dose (0.25 mM/Kg.) 
produced no signific.mt increase in bile flow within 
four hours, and even trebling the dose (0.75 mM/ 
Kg.) was without effect. The sodium salts of pro- 
pionic and lactic acids had no significant choleretic 
action. In the concentrations used none of the 
compounds affected signific.'intly either the circu- 
lation or the respiration. The choieresis observed 
was similar to tliat produced by' “Decholin,” but 
was of much greater duration. 

Effect of inanition on castration cell formation. 
Leo G. Parmeb (by invitation) and Michael G. 
Mulinos. Dept, of Pharmacology, College of Physi- 
cians and Surgeons, Columbia Univ., New York. 
Prolonged inanition results in a depression of the 
activity' of the anterior pituitary gland. This re- 
sults in atrophy of those endocrine glands which 
depend for their activity upon the pituitary. The 
condition so produced has been termed “pseudo- 
hypophy'sectomy'” because it and hypophy'sectomy 
result in similar hormone gland atrophy. 

Castration cells did not appear in the hypophy'- 
ses of rats which were severely' underfed for several 
months. 

Rats were castrated and allowed to feed nor- 
mally until castration cells appeared as shown by 
a sample autopsy. These rats were then continu- 
ously underfed and autopsied at intervals of from 
6 to 265 days. Castration cells were present in the 
hypophysis of every' animal, as in the fully fed 
castrated controls. Rats which had been castrated 
70 days previously were starved completely for 10 
day’s until moribund. The hypophy’ses contained 
castration cells. 

Rats were castrated and underfed for 74 days. 
Castration cells appeared in the hy’pophy’ses. 

Inanition depresses the anterior pituitary' se- 
verely' and the ovaries and adnexa shrink in size 
to a condition approaching hypophy'sectomy. 
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However, enough estrogen is produced to prevent 
the appearance of castration cells. Since during 
inanition there is no increase in the gonadotropic 
content of the hypophyses of castrate rats (Proc. 
Soc. Exper. Biol, and Med. 41: 101, 1939) it is sur- 
mised that castration cells do not invariably indi- 
cate an increase in the gonadotropic activity of 
the pituitary. 

The relationship of the carotid and aortic mecha- 
nisms to digitalis emesis. N. W. Pinschmidt. 
Dept, of Pharmacology, Medical College of Vir- 
ginia, Richmond. The mechanism of digitalis 
vomiting is still a moot one. Hatcher has advanced 
evidence indicating that digitalis emesis results 
from afferent impulses arising in the heart. Dres- 
bach and Waddell, as well as Haney and Lindgren, 
were unable to confirm this. Haney and Lindgren 
concluded that the mechanism may be either a 
direct stimulating effect on the vomiting center 
or on other structures from which impulses pass 
via nerves other than those eliminated by them. 
Because of the importance of the carotid and aor- 
tic mechanisms in influencing reflexly certain 
medullary centers, their possible role in digitalis 
vomiting was studied in the following experiments. 

The effect of an emetic dose of digitoxin (0.15 
mg. per Kg.) was observed on seven dogs which 
had both carotid bodies and sinuses removed by 
extirpation of segments of the carotid artery from 
a point just caudal to the origin of the superior 
thyroid artery to a point slightly cephalic to the 
origin of the lingual artery. After allowing time 
for recovery from operation, the digitoxin Avas 
administered by intravenous injection. In every 
case vomiting was as prompt and typical after 
operation as before. 

Six of these dogs survived sectioning of one 
vagus trunk (in the neck region) and two survived 
sectioning of both vagi without change in their 
vomiting response to digitoxin. 

It is concluded that vomiting initiated by digi- 
toxin is not abolished by removal of the carotid 
bodies and sinuses and by denervation of the aortic 
mechanisms. 

An experimental study on pulmonary edema in the 
rat. Franz Reichsman (introduced by Arthur 
Grollnian). Dept, of Internal Medicine, Bowman 
Gray School of Medicine, Wake Forest College, 
Winston-Salem, A . C. It has been claimed (Arch, 
gcs. Physiol. 68: 231, 1932; J. E.xp. Aled. 117: 70, 
1939) that marked pulmonary edema may' bo pro- 
duced in the rat witli regularity by bilateral 
cervical vagotomy. In 2.5 piebald rats (strain Mus 
norvegicus) avc obtained pulmonary edema in only' 
approximately tAvo-thirds of our bilaterally vagot- 
omized animals. Approximately' one-third showed 
either no pulmonary edema or pulmonary edema 
of such minimal degree, that it evidently could not 
account for the death of the animal. The survival 


time of many rats after bilateral cervical vagot- 
omy was much longer than was anticipated from 
the above-mentioned reports. Over one-third of 
our rats lived longer than 24 hours (up to 88 hours). 

/Although these rats showed, in general, less pul- 
monary' edema than those Avith shorter survival 
time, there Avas often no parallelism between the 
length of survival and the degree of pulmonary 
edema the rats developed. To determine whether 
accidental cutting of the cervical sympathctics 
AA'as responsible for the failure of some rats to show 
pulmonary edema, the sympathetics — iii addition 
to the vagi — were cut purposely in 8 rats. The 
occurrence of pulmonary' edema and the survival 
time in this group Avere approximately the same 
as in a group Avhere the A'agi only had been cut. 
The effect of respiratory' obstruction in vagot- 
omized rats on the appearance of pulmonary' 
edema is being further studied. [Aided by a grant 
^rotn the Dazian Foundation.] 

Dinitrophenol cataract: Production in an experi- 
mental animal. Benjamin H. Robbins. Dept, of 
Pharmacology , Vanderbilt Univ. School of Medi- 
cine, Nashville, Tenn.' Horner (Arch. Ophthal. 
27: 1097, 1942), stated that all attempts at the 
production of cataracts Avith dinitrophenol- 
sodium (DNP-Na) in experimental animals had 
failed. 

During our studies on the effect of chemicals 
upon the foAvl-pox infection in chicks it Avas ob- 
served that, in chicks receiving DNP-Na in their 
feed, opacities of the lenses developed soon after 
they Avere placed upon the diet. 

We have followed this observation with experi- 
ments to determine: (1) the concentration of 
DNP-Na in the diet necessary' for the production 
of cataracts; (2) the age of the chick during which 
the lenses Avere susceptible to the drug; (3) the 
site of lesions in the lens; (4) the duration of the 
pathological changes Avhilc the chick AA’as still 
ingesting the drug. 

DNP-Na Avas mixed Avith the feed (Purina Star- 
tena) in concentrations from 0.05-0.25%; chicks 
Averc started on the mixtures Avhen 10-100 days old ; 
chicks AA’ere sacrificed after they' had been on the 
diet from 5 hours to 50 day's; chicks have been kept 
on the diet for 90 days. 

Chicks, 10-100 days old, routinely develop 
cataracts after ingesting diets containing 0.1- 
0.25% DNP-Na; opacities may develop AA’ithin 5 
hours and persist for 100 days Avhile the drug is 
ingested; fine vacuoles appear first in the anterior 
lens fibers — later marked lesions develop in the 
posterior portion of the lenses and these persist 
as long as the drug has been given. 

Cataracts have been produced by DNP-Aa m 
an experimental animal. 

Effect of alcohol and barbiturates on urine output 
of Avhite rats exposed to Ioav barometric pressures. 
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llKunr.uTSiiA-inTK. Dcpl. oj Pharmarolooy, I'liir. 
of Virginia, CharlattcKviUc. Wliite rats exposcil 
daily to altitude equivalents of 15,000 or 25,00t)ft. 
in low-pressure eliambera developed a marked 
polyuria during the time of exiiosurc. When ani- 
mals were given access to 5% or 109(i alcohol as 
their sole source of drinking fluid and then exposed 
to 16,000 or 25,000 ft. altitude equivalent, they also 
showed a polyuria, which was not, however, as 
marked as that resulting when water the drinking 
fluid. This dificrcncc a])pcared to be due to the 
fact that the fluid intake of the alcohol-fed ani- 
mals was less than that of the controls. On that 
basis it may be concluded that the high-altitude 
polyuria developing in the alcohol-fed animals was 
relatively as great as the "water” polyuria. Alco- 
hol given in this manner was not diuretic, nor did 
it otherwise affect the reaction or survival of the 
aniniiils under low barometric pressures. 

Anesthetic doses of pentobarbital-sodium re- 
duced the urine output of rats at 0 ft. This pento- 
barbital oliguria was still evident when similarly 
treated animals were exposed to an equivalent 
altitude of 15,000 ft.; in other words, the high- 
altitude polyuria did not overcome the barbiturate 
oliguria. Incidentally, it was observed that rats 
were more sensitive to barbiturates at high alti- 
tudes, and the duration of effect was greater, than 
at 0 ft. A dose of evipal or pentobarbital which was 
merely' hypnotic at 0 ft. proved to be anesthetic 
at 15,000 ft.; and an anesthetic dose at 0 ft. was 
lethal at 15,000 ft. [This invcsligalion has been 
made with the assistance of a grant from the Ella 
Sachs Plots Foundation.] 

The prolonged administration of quinacrine (Ata- 
brine) and suifathiazole to dogs. R. Blackwell 
Smith, Jk., Llewellyn IVelsh and Arthur .4.. 
Nelson (introduced bj' Herbert O. Calvery). 
Division of Pharmacology, and Chemical Section 
of Drug Division, Food and Drug Administration, 
F ederal Security Agency, Washington, D. C. Using 
45 dogs, an experiment has been designed to evalu- 
ate effects of chronic administration of 2 and 5 
®g-/kg./day of quinacrine (Atabrine), 50 and 100 
™E-/kg./day of suifathiazole, and combinations of 
the drugs at these levels. 

After one year on experiment there have been 
no clinical signs of quinacrine toxicity, aside from 
a slight, questionable tendency toward decreased 
growth. The only sign of toxicity in the suifa- 
thiazole dogs is a conjunctivitis. No data have 
been obtained to indicate that simultaneous ad- 
administration of the two drugs is contraindicated 
Brorasulfalcin tests on dogs receiving the high 
level of quinacrine, and also the high level of both 
drugs concurrently, are negative. Hematological 
studies h.ave j’ielded no positive findings to date. 
Gross and histopathological examinations of two 
dogs (not from the group of 45 mentioned above) 


sacrificed after receiving the high level of quina- 
crinc for 11 months disclosed no lesions attribut- 
able to the drug. 

The quinacrine level in the blood of dogs chroni- 
cally receiving 5 mg./kg./dny varies within the 
average limits of 0.075 and 0.25 mg./L., and the 
peak concentration is usually reached within 2 
hours after administration. Administration of 
suifathiazole docs not .appreciably affect those 
levels. When quinacrine is withdrawn after 4 to 5 
months of medication, blood samples exhibit a 
greater than normal fluorescence for approxi- 
mately 2S days and urine samples for at least 
40 days. 

Pifressin fannafe on dcsoxycorticosterone acetate 
hyposthenuria. Clifford Spingarn (by invita- 
tion), Esther Maculla (by invitation) and Mi- 
chael G. Mulinos. Dept, of Pharmacology, Col- 
lege of Physicians and Surgeons, Columbia Univ., 
Xcw York. In normal dogs injections of pitressin 
tannatc in oil (PTO) 5 units daily reduced the 
water exchange and raised the urine specific 
gravity. In 4 dogs made hyposthenuric by injec- 
tions of dcsoxycorticosterone acetate (DCA), 10 
mg. daily, PTO in daily doses of 5 to 20 units 
reduced the voluntary intake of water from 1936 cc 
to 1147 cc. The urine volume fell from 1870 cc to 
1084 cc .and its specific gravity rose from 1.005 to 
1.010. The fluid exchange was reduced about 40 
per cent by PTO independently of its magnitude. 

A water load of 25 cc per kilo given by stomach 
tube to DCA dogs is e.xcrcted promptly while PTO 
does not completely inhibit its passage out of the 
kidney as it does normally. 

DCA increased the average daily' e.xcretion of 
chloride in 2 dogs and this effect was reversed by 
PTO. In 2 dogs DCA did not change the chloride 
output and PTO had no effect. 

During DCA hyposthenuria water intake lim- 
ited to that during PTO reduced the urine volume 
and r.aised its specific gravity similarly to that 
from PTO. Progressive reduction of the high water 
intake to the normal levels of 100 to 400 cc for 3 to 
7 days resulted in loss in weight, excessive thirst 
and dehydration. The specific gravity of the urine 
rose from 1.005 to 1.027. 

Effect of administration of large doses of vitamin 
A on the plasma vitamin A level of patients with 
renal disease. F. Steigmann and Hans Popper. 
Dept, of Therapeutics of the Cook County Hospital 
and the Hektocn Institute for Medical Research, 
Chicago, III. The response of the plasma vdtamin A 
level following the intake of 75,000 units of vita- 
min A was examined in 23 instances on 17 patients 
with renal disease and compared with that of hos- 
pital controls. The fasting plasma vitamin A level 
was found elevated in renal disease. The response 
to the test dose was in the majority of cases much 
more marked than in the controls. Whereas in the 



86 


FEDERATION .PROCEED F f i S 


hospital controls the elevation of the plasma vita- 
min A level returned almost to normal at the end 
of twenty-four hours, it persisted beyond this time 
limit in the renal cases. 

Effect of vitamine Bi and cocarboxylase on the 
synthesis of acetylcholine in vitro. Clara Torda 
and Harold G. Wolff. New York Hospital and 
the Depls. of Medicine {Neurology) and Psychiatry, 
Cornell Univ. Medical College, New York, N. Y. 
Thiamine chloride (vitamine B|) and thiamine 
pyrophosphate (cocarboxylase) inhibit choline 
esterase (Glide and Antropol) . The concentrations 
required for such inhibition are higher than those 
found in the serum, but probably do not exceed 
the concentrations present in some tissues. Re- 
markably enough, thiamine chloride, even in 
higher concentrations, does not help patients 
benefited by other inhibitors of the choline ester-' 
ase (myasthenia gravis). The above observations 
suggested the investigation of the effects of the 
thiamine compounds on the synthesis of acetyl- 
choline. 

The synthesis of acetylcholine was studied fol- 
lowing the method of Quastel, Tennenbaum and 
Wheatley, Uniform samples of homogenized frog 
brains were used as a source of the enzyme, while 
human serum or human spinal fluid and the frog 
brain itself supplied the substrate. The amounts of 
free and total acetylcholine synthesized was as- 
sayed biologically with the sensitized rectus ab- 
■'ominis muscle of the frog. 

Both thiamine chloride and thiamine pyrophos- 
phate, in biological concentrations (3.10"^M), 
slightly increased the synthesis of acetylcholine 
(15 per cent average). Both thiamine chloride and 
thiamine pyrophosphate, in concentrations de- 
pressing the activity of choline esterase, also 
depressed the synthesis of acetylcholine. Thiamine 
chloride was a more 'potent depressor than was 
thiamine pyrophosphate. 

Since concentrations of vitamine Bi and cocar- 
boxylase inhibiting choline esterase also inhibit 
the synthesis of acetylcholine in vitro, no signifi- 
cant aid can be expected from these substances 
for patients with disorders resulting from de- 
creased synthesis of acetylcholine. 

References: Glick, D. and Antropol, W. 
Proc. Soc. E.xp. Biol. & Med. 42: 396, 1939. Quas- 
TBL, Tennenbaum and Wheatley. Bioch. J. 30: 
ICGS, 1937. 

Effect of vitamine K on the activity of choline 
esterase and on the contraction of striated muscle. 
Clara Torda and Harold G. Wolff. Neiv York 
Hospital and the Depls. of Medicine {Neurology) 
and Psychiatry, Cornell Univ. Medical College, 
New York, N. Y. Since, under physiological con- 
ditions, vitamine K has the ability to react with 
enzymes containing the — SH group (Summerson), 


the effect of vitamine K on the activity of choline 
esterase was investigated in the following. 

The activity of choline esterase was studied fol- 
lowing the method of Ammon using the Warburg 
apparatus. No significant decrease of the activity 
of choline esterase in the presence of vitamine K 
was found. Similar conclusions were drawn from 
the observation that vitamine K did not increase 
the sensitivity of the rectus abdominis muscle of 
frog to acetylcholine. 

On the other hand, vitamine K in low and higher 
concentrations (1.10“M.10"%I) significantly in- 
creased the response of the striated muscle to 
direct chemical stimuli such as potassium (25 to 
450 per cent respectively above the control). This 
increase in muscle contraction is probably due to 
changes in the metabolism of the muscle because 
of the presence of the vitamine. 

References; Summerson, W. H. Federation 
Proc. 2: 72, 1943. Ammon, R. Pflilger’s Archiv 233; 
486, 1933. 

Irritation studies on ointments. Bert J. Vos, Jr., 
John H. Draize, Geoffrey Woodard (by invita-. 
tion) and Virginia D. Johnson (by invitation). 
Division of Pharmacology, Food and Drug Ad- 
ministralion. Federal Security Agency, Washing- 
ton, D. C. Irritancy of 230 ointments and of their 
various components was studied by means of: (1) 
patch tests on intact and abraded skin of albino 
rabbits; (2) administration into conjunctival sac 
of rabbits; (3) application to mucous membrane of 
rabbit’s penis; and (4) patch tests on man. Obser- 
vations were made at 24 hours and in many in- 
stances also at 1 and 72 hours. Irritation was 
graded on an arbitrary scale. 

With 20 ointments, each containing a different 
organic arsenical at a 0.024M concentration in a 
vehicle consisting of 75 parts propylene glycol, 17 
p.arts glycerol monostearate and 8 parts cetyl 
alcohol, there was no significant correlation be- 
tween the results of the patch tests on man and 
any of the animal tests. In contrast, 12 ointments 
cont.aining 15 per cent sulfathiazole and 30 per cent 
calomel in various types of bases showed signifi- 
cant correlation between human patch test scores 
and those of the rabbit eye tests (r = -|-0.78), the 
patch tests on the intaet (r = -{-0.58) and the 
abraded (r = -{-0.71) rabbit skin, but not those 
of the rabbit penis (r = -f0.04). 

The majority of arsenical ointments' were mod- 
erately irritating to rabbit skin, particularly when 
abraded. Sulfatliiazole and calomel ointments 
were only mildly irritating. 

Surface active agents were present in 03 oint- 
ments. Concentrations above 0.5 per cent con- 
sistently increased the irritation of the ointment. 
Tlie rabbit’s skin and more especially its cornea 
was more sensitive to irritation by these agents 
than human skin. 
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A respiratory reflex originatinc from the thoracic 
■ft-all of the dog. R. W. Whitkhkad and W. B. Diia- 
I'ER. Dcpl. of Physiology and Pharmacology, Unit', 
of Colorado, Denver. Respiratory arrest was pro- 
duced and maintained for considerable periods 
by the intravenous injection of 2.5% pcntothal 
sodium using a mechanical injector. O.xygomition 
was maintained during respiratory arrest by plac- 
ing a mouth hook flowing 12 liters of oxygon a 
minute in the dog’s mouth or by attaching a sensi- 
tive spirometer fdlcd with oxygon and provided 
with a soda lime absorber to a tracheal cannula. 
(See accompanying abstract on diffusion i-cs- 
piration.) 

The reflex is elicited by the application of light, 
non-deforming pressure to a localized area of the 
chest wall about 2 inches in diameter, in the region 
of the -fth rib and interspace about li inches from 
the midsternum. The reflex has the following char- 
acteristics: The adequate stimulus is light pres- 
sure. The induced respiratory act is largely dia- 
plu-agmatic and always moves a substantial 
volume of gas. The reflex is inhibited by anoxia, 
shock and very deep levels of anesthetic depres- 
■ sion. With lightening anesthesia, it reappears on 
an average of 4 minutes before the resumption of 
spontaneous breathing. It is a more efficient stimu- 
lus to respiration than is cither tongue traction or 
anal stretching. The reflex has also been demon- 
strated in the dog in respiratory arrest produced 
by chloroform and in the dog, rabbit and rat de- 
pressed by pentobarbital sodium. 

The reflex is obtained following very light pres- 
sure applied to the lower end of the scalenus 
medius muscle and tendon, and to the upper end 
of the rectus abdominis muscle and tendon. 
Trauma to these structures causes it to disappear. 

Skin penetration and localization of sulfathiazole 
in rabbits from various ointment bases. Geoffrey 
Woodard, Clarexce D. Wright, 0. L. EvExsotf, 
Ruth R. Ofxer, Diana S. Kra.wer, Paul M. 
Jbnnek and Virginia D. Johnson (introduced by 
Herbert 0. Calvery). Division of Pharmacology, 
Chemical Section, Drug Division and Cosmetic 
Division, Food and Drug Administration, Federal 
Security Agency, Washington, D. C. Sulfathiazole 
levels determined by the Bratton-Marshall method 
in blood samples taken 2 and 5 hours and in cathe- 
terized urine samples 3§, 64 and 24 hours after 
applying the ointment to 150 cm.’ of the dorsal 
clipped intact skin were used as a measure of 
penetration. 

Skin localization was determined by analysis of 
definite areas of skin taken after thorough removal 
of the ointment with soap and water. 

Ointments were tested comparatively using suit- 
ably designed experiments and sufficient animals 
so that differences reported here are statistically' 
signficant. 


The following observations were made: (1) 
Sulfathiazole was absorbed jioorly from fat or oil 
bases, slightly from watcr-in-oil emulsions and 
aqueous jolly, moderately from oil-in-water emul- 
sions, and best from bases with high glycol con- 
tent, propylene glycol being superior. (2) A sodium 
sulfathiazole or a micro-crystal sulfathiazole oil- 
in-wator emulsion ointment failed to give absorp- 
tion comparable to the glycol bases. (3) The addi- 
tion of certain surface-active agents, notably 
sodium lauryl sulfate or an aryl alkyl poly-other 
alcohol improved penetration while certain others 
did not. These substances increased irritation. (4) 
Skin penetration or localization from 5% equaled 
that from 20% sulfathiazole ointments. (5) Inclu- 
sion of calomel or organic arscnicals did not effect 
skin penetration. (6) Skin localization was greatest 
with glycol bases and increased with time of con- 
tact of ointments. (7) Covering the site of applica- 
tion increased penetration. 

Influence of neostigmine on arterial pressure and 
uterine activity of eclamptic patients. R. A. Wood- 
bury, B. E. .4breu, R. Torpin (by invitation) and 
P. H. Fried (by invitation). Depts. of Pharma- 
cology and Obstetrics and Gynecology, Univ. of 
Georgia School of Medicine, Augusta. In 3 gravid 
eclamptic patients neostigmine reduced tho arte- 
rial pressure from 185/105 to 143/83, from 220/125 
to 124/92, and from 145/82 to 100/60. In 2 gravid 
eclamptic patients neostigmine failed to reduce 
the arterial pressure. In fact it raised the arterial 
pressure 20 mm. Hg is one of those patients. This 
elevation could result from nicotinic action of 
acetydeholine. Neostigmine did not change or 
elevated slightly’ the arterial pressure in four con- 
trol patients: two were hypertensive patients, one 
of wliom was pregnant. One was a normal control 
gravid patient and one was a 10 hours post partum 
eclamptic patient in whom neostigmine had been 
effective 20 hours earlier. 

In the gravid patients (8 to 9 months) neostig- 
mine appeared to induce labor. The uterine ac- 
tivity was normal and delivery was uncomplicated 
in 5 of the 7 patients. In the other two (multipa- 
rous eclamptic patients) the uterus became hyper- 
reactive and labor was dangerously prolonged (36 
and 48 hours). 

Individual susceptibility appeared to vary 
greatly. The drug was administered as follows: 
One to three intramuscular injections of 0.25 mgm. 
mgm. at intervals of 90 minutes followed at 
hourly intervals by’ one or two hourly intra- 
venous injections of 0.02 to 0.25 mgm. The 
uterine and vascular effects of neostigmine 
appeared rather suddenly’ but only’ after an elapse 
of one or two hours after the last injection. Chill 
and slight temperature elevation accompanied the 
rather sudden appearance (10 minutes) of the fall 
in arterial pressure. In the pregnant patients the 
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drug was discontinued when the manifestations of 
nicotinic effects first appeared. While this study 
offers a possible mode of treatment, it and cholines- 
terase studies in placentas from normal and pre- 
eclamptic patients (see Abreu and Woodbury, 
these abstracts) stress the importance of acetyl- 
choline activity in eclampsia. Abnormal responses 
to vasopressin may also contribute to the patho- 
logical changes in eclampsia (see Marsh, Wood- 
bury, Abreu, these abstracts). [This work was 
aided by a grant from Eli Lilly and Company.] 

The effect of atabrine on the oxygen consumption 
of rat tissues. C. I. Weight and Jean C. Sabine. 
Division of Physiology, National Inst, of Health, 
Bethesda, Md. Atabrine (above 0.0002i\I) inhibits 
the O 2 consumption of rat liver, kidney and brain. 
The O 2 consumption of liver slices from a fed rat 
first increases (± SO per cent) and then falls to 
approximately 5% of normal. No rise in O 2 con- 
sumption occurs if the rat is fasted 24 to 48 hours. 
Tissues thoroughly poisoned with atabrine are 
unable to oxidize lactate, pyruvate, citrate, 
malate or fumarate, but can oxidize succinate, 
consuming O 2 roughly equivalent to a conversion 
to fumarate. Atabrinized tissues also oxidize 
p-phenylene-diamine, indicating that the cyto- 
chrome oxidase system is intact. 

Atabrine inhibits Kreb’s kidney preparation of 
d-amino-acid o.xidase, using dl-alanine as sub- 
strate. The prosthetic group of the d-amino-acid 
oxidase, prepared by heat or methanol treatment 
of the kidney extract, partially protects the d- 
amino-acid oxidase against atabrine. The same 
preparation, when added with atabrine to tissue 
slices, prevents the fall in O 2 consumption. The 
indications are, therefore, that atabrine interferes 
with the yellow enzyme sj^stems. 

Tissue distribution and retention of mapharsen 
following intravenous administration. Hahold N. 
Weight. U7nv. of Minnesota Medical School. 
Maximum tolerated doses of mapharsen (15 mgm./ 
Kgm.) were administered to rats and the distribu- 
tion and retention of the drug was determined in 
elev^en organs or tissues at a series of time intervals 
ranging from 15 minutes to 28 days after adminis- 
tration. 

The majority of the drug leaves the blood stream 
rapidly, the mean fraction remaining J, i, and 1 
hour after administration being 17.11, 2G.00 and 
14.80 per cent. The tissues or organs which had 
taken up the largest amount of drug were muscle, 
small intestine (thoroughly freed of all contents) 
and kidneys, which collectively accounted for 
37.46, 40.27 and 42.31 per cent of the administered 
dose at these same time intervals. Other tissues or 
organs retaining appreciable amounts of the drug 
were liver, skin and bone which together contained 
13.51, 10.29 and 11.10 per cent at corresponding 
time intervals. 


The blood concentration falls to minimal values 
of 6.60 and 6.59 per cent at 6 and 12 hours, with a 
secondary rise to 14.64 per cent at 24 hours, similar 
to that seen with the arsphenamines (Rodman and 
Wright, Jour. Pharmacol’, and Exper. Therap., 79: 
140, 1943 and others) . Mapharsen differs from the 
arsphenamines in that the blood concentration 
remains high for a long period of time, being 15.59, 
20.36 and 20.60 per cent at 48, 72 and 96 hours re- 
spectively, and indeed this accounts for the greater 
part of the total retention at these time intervals 
of 24.71, 26.59 and 26.06 per cent of the adminis- 
tered dose. ' 

Additional observations on the relationship of 
xanthopterin to folic acid. Lemuel D. Weight (by 
invitation), Helen R. Skeggs (by in\dtation) 
and Aenold D. Welch. Nutritional Labs., Dept, 
of Pharjnacology , Medical-Research Division, 
Sharp and Dohme, Inc., Glenolden, Pa. It has been 
reported previously that the observed folic acid 
content of incubated rat liver tissue may be in- 
creased several fold by the presence of xanthop- 
terin. A more comprehensive study of the effect of 
various e.xperimental procedures on the observed 
folic acid content of rat liver and muscle has now 
been conducted. 

The observed folic acid content of incubated rat 
liver is influenced by such factors as the degree 
of dispersion of the tissue, nature of the incubation 
medium, presence of digestive enzymes, pH, 
amount of neutral salt present, cyanide, and .xan- 
thopterin. The data suggest that free folic acid in 
rat liver is convertible by liver enzymes to a mate- 
rial having little or no microbiological activity. 
The reaction is inhibited by: (1) neutral salts in 
moderate amounts (larger amounts apparently 
inhibit the enzymatic release of combined folic 
acid), (2) allowing the liver to incubate in frag- 
ments rather than in a finely dispersed form, and 
(3) the presence of xanthopterin. In rat skeletal 
mqscle disappearance of folic acid could not be 
demonstrated and xanthopterin did not influence 
the observed folic acid content of the muscle. 

Although the formation of folic acid from .xan- 
thopterin has not been e.xcluded the data suggest 
the involvement of a metabolite-antimetabolite 
relationship or mass action inhibition of enzymatic 
activity. The observation that folic acid may 
undergo destruction or modification in the liver 
(and possibly in other tissues and natural mate- 
rials as well) may be of aid in the interpretation 
of certain phases of folic acid metabolism. 

Pharmacologic localization. Feedeick F. Yonk- 
MAN and Baebaea R. Rennick (by invitation). 
Wayne Univ. College of Medieine, Detroit, Mieh. 
Of the numerous procedures cmploj'cd in localizing 
pharmacologic action several are of greater appli- 
cation than arc others. One of these is the tech- 
nique utilized by several investigators in which 
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one or more functions of tlie ccrvicnl synipathetic 
nerve arc studied under tlie influenee of drugs. By 
tliis moans we liavo studied ipsilntoral sj'inpatlictic 
salivation, mydriasis and contraction of the nicti- 
titating membrane in cats anesthetized with ure- 
thane or ether. Concomitant effects on blopd 
pressure were also observed. Drugs investigated 
with this procedure included among others: 2- 
naphthyl-methyl imidazoline (Privine-Ciba), 
^-diethyl-aminoethyl diphenylacctate (Trnsentin- 
Cib.a), and some new antispasmodics (S-Com- 
pounds) of morpholine derivation (Parke Davis). 
Tlie following results, gained from intravenous 
administration of varying dosage on a per kg. 
basis, are significant: 

a. Privine, 0.1 mgm. produced no salivation of 
sympathetic origin despite a tension rise which 
was comparable to that effected bj’ 0.01 mgm. of 
epinephrine. The latter drug invariably produced 
salivation. 

b. Privine, 1.0 mgm. produced salivarj' secre- 
tion which was cbolincrgically induced since this 
effect was nullified by atropine. 

c. Privine, 0.1 mgm. or more, almost invariably 
caused maximum constriction of the nictitating 
membrane.' This effect was due apparently to 


cholinergic as well as adrenergic augmentation 
since both atropine and ethyl yohimbine had 
marked, although individually incomplete, lytic 
effects in this situation. The morpholine-deriva- 
tives, S-2S (i8,/5-dimethyl-r-4-morpho]inepropyl- 
diphenylacetato HCl) and S-29 (w-4-morpholine- 
hoxyl diphenylacctate HCl) in 10-40 mgm. doses 
had no lytic effect in this contractile state, but 
Trasentin was slightly lytic following Privine. 

d. The morpholine derivatives, 10-40 mgm. and 
Trasentin, 10 mgm., had no antisalivary effect, 
regardless of how salication had been augmented. 

e. Pupillary reactions to Privine were too vari- 
able to lend themselves to adequate quantitation 
.at present but frequently mydriasis resulted. 

f. The S-compounds had some acutely hypoten- 
sive effects but less so than that effected by 
Trasentin in comparable dosage. 

Thus, it seems that Privine has a dual action, 
cholinergic and adrenergic, in relation to some 
ccrvically controlled end organs; Trasentin has 
some anticholinergic action whereas the mor- 
pholine derivatives S-28 and S-29, exhibit no sig- 
nificant anticholinergic action in the large doses 
employed. 
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Acute anemia of tumors. Fbedejiick M. Aleen. 
City Hospital, New York. Previous studies on gen- 
eral effects of tourniquets were extended to include 
tumors. (Arch. Surg. 41: 79, 1940). Total depriva- 
tion of blood for periods of 6 to 12 hours always 
damages tumors more than the normal tissues. 
Without necrosis in the normal tissues, the necro- 
sis of the tumors may range from partial to com- 
plete. The effects differ with different kinds of 
tumors and particularly with different animal 
species, but there is no reguhar distinction between 
native and artificially transplanted tumors. Evi- 
dence indicates that the tumor death is due not 
directly to the asphysia but to an influence of the 
inflammatory reaction. 

The previous clinical report included one cure of 
a squamous cell carcinoma of the face. After long 
delay, there has been opportunity to test a few 
more cases in the City Hospital. One squamous 
cell carcinoma of the leg was cured. Most of the 
nodules of a Kaposi sarcoma were apparently 


cleared up, but the patient’s death from pneu- 
monia cut short the observations. One keloid was 
cured as far as brief observation can decide. Fur- 
ther trials, especially with tumors of higher malig- 
nancy, are urgently needed before any conclusions 
can be drawn. The method, if unsuccessful, is not 
adapted to very wide practical application but 
ma 3 ' have considerable theoretical interest. 

Relative utilization of ferrous and ferric radio- 
active iron in clinical and experimental anemia. P. 
F. H.vhn, R. C. Lowe (by invitation), G. R. 
Meneely (by invitation) and W. F. Baije (by 
invitation). Depts. of Biochemistry and Medicine, 
Vanderbilt Univ. School of Medicine, Dept, of 
Medicine, Louisiana Stale Univ. Medical School, 
and the Depts. of Pathology and Radiology, Univ. 
of Rochester School of Medicine. Si.x patients diag- 
nosed as having hj-pochromic anemia of iron defi- 
ciency were fed 10 mgm. test doses of ferrous 
sulphate and ferric ammonium citrate tagged with 
the radioactive isotope of iron. In some instances 
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the ferrous salt was administered first and blood 
samples taken on the fourth, sixth, and eighth 
days after feeding. The ferrie salt was then fed at 
the same dosage level with sampling at similar 
intervals. Finally the ferrous salt Avas again fed 
and blood taken at the same intervals. In the other 
patients the order of administration of the salts 
was reversed. By means of the concentration of the 
tagged iron in the circulating red cells and an 
estimation of the circulating red blood cell mass, 
the fraction of the fed iron absorbed and utilised 
for hemoglobin formation Avas determined. In 
about half the instances the ferrous iron Avas taken 
up to about tAvice the extent of the ferric iron and 
in the other half there AAms no noticeable differdnee 
in utilization. In no instance AA'as there more ferric 
iron utilised than ferrous iron. 

In three dogs depleted of their iron reserve 
stores by long continued chronic hemorrhage four 
similar experiments AA^ei-e carried out under better 
controlled conditions. In each instance the ferrous 
iron Avas utilized from tAvo to four times as com- 
pletely as the ferric salt. In the experiments con- 
ducted on dogs the ferric and ferous chorides AA'ere 
the salts compared. The ferrous salts in all cases 
Avere formed from the corresponding ferric salt 
either by the addition of sufficient cevitamic acid 
to cause reduction, or bj' passing a stream of sulfur 
dioxide through the solution. The reduction 
method used seemed to have no effect on the 
results. 

Under tlie conditions of this e.xporimental ap- 
proach it appears that ferrous iron salts are more 
efficientlj" handled than ferric salts in iron defi- 
ciency anemia. 

Ljanphopenia and atrophy of lymphatic tissue as- 
sociated Avith acute renal insufficiency in adult 
dogs. Russkll L. Holsian. Dept, of Pathology, 
Uiiiv. of North Carolina, Chapel Hill. During 
studies on the relation of diet and renal insuffi- 
ciency to arterial disease in dogs necropsy studies 
rcA'caled gross and histological changes inter- 
preted as “exhaustion atrophy” in all the lym- 
phatic tissues studied (spleen, thymus, mesenteric 
and lAopliteal Runph nodes, Peyer’s patches, and 
solitary follicles). These changes consisted of a 
general “Avashing out” of lymphocytes and a curi- 
ous regressive change in the “germinal centers” 
that seems best described by the term “reticular 
arrest,” for the cells that constitute the remnants 
of the “follicles” look like reticular cells and silver 
stains arc consistent Avith this interpretation. 
Gross AA-eights of the spleen and popliteal lymph 
nodes in these dogs aA'oraged less than half the 
AA-eights of the corresponding lymphatic tissues in 
control dogs, and Ij-mphocyte counts of the circu- 
lating blood shoAved an aA-eragc reduction to 32 
per cent of the control IcA-cl. 

The only knoAA-n factor common to all the dogs 


that have shoAvn these atrophic changes AA-as acute 
renal insufficiency. These changes AA-ere independ- 
ent of diet and the method by AA'hich renal insuffi- 
ciency'^ AA-as produced (uranium nitrate,’ mercuric 
chloride, or bilateral nephrectomy). They liaA-c 
been observed as early as four days after renal 
injury, and the evidence in dogs that surA-ived the 
acute renal injury indicated that they are re- 
versible. 

Control data militate against any of the knoAA-n 
indirect actions of renal injury such as inanition, 
acidosis, and infection. The suggestion of hor- 
monal activity (lymphocyte maturation factor?) 
by the renal cortex is offered, but many other 
e.xplanations ai-e possible. [This work was aided by 
a grant from The John and Mary R. Markle Foun- 
dation.] / 

Electrocardiographic changes in uremia associ- 
ated with a high concentration of serum potassium. 
Report of three cases. Norafan M. Keith, Hoaa-abd 
B. Burchell (by invitation) and Archie H. 
Baggenstoss (by invitation), Mayo Clinic, 
Rochester, Minn. Previously the authors dem- 
onstrated that defects of intraventricular con- 
duction developed in the electrocardiograms of 
tAA-o patients Avho suffei-ed from uremia and had an 
abnormal increase in the concentration of potas- 
sium in the serum. Subsequently, a third patient 
AA-as observed for a period of six AA-eeks. In this 
period this patient passed through different phases 
of uremia. During the tei-minal phase the serum 
potassium increased rapidly and an intraA-entricu- 
lar defect developed in the electrocardiogram. 
This study includes data on the clinical course, 
pathologic findings, on renal function and on the 
chemistry of the blood and significance of the elec- 
trocardiographic tracings of these three patients. 

Different pathologic lesions AA-ere found in the 
kidneys of each patient. The lesions AA-ere chronic 
glomerulonephritis, chronic bilateral hydro- 
nephrosis and pyelonephritis, and passiA-e con- 
gestion, respectively. Intraventricular block 
developed both AA-ith and AA-ithout pericai-ditis, 
and AA-ith and AA'ithout histopathologic lesions in 
the myocardium. It Avas present AA-hen the con- 
centration of serum potassium varied from S.7 
to 10.4 milli-equivalents. The concentrations of 
potassium encountered AA-ere loAA-er than those 
noted by others AA-hen similar electrocardiographic 
changes AA-ere observed in the dog and cat. Tlic 
marked alterations in many of the constituents 
of human blood serum maj- account for this 
difference. 

Observations on these three patients supjwrt 
the hypothesis that cardiac death AA-as due to 
potassium to.xemia. If subsequent findings con- 
firm this hypothesis, it seems clear that a dis- 
turbance in the electrolytic balance in blood serum 
of uremic patients can cause a fatal upset in tlic 
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Sail Francisco. Although the virus of poliomyelitis 
is probably widely disseminated during epidemic 
periods, relatively few develop the disease. This 
and other epidemiologic considerations suggest 
that there is some predisposing factor in the host 
which increases his susceptibility to poliomyelitis. 
Studies of patients during the recent epidemic 
reveal the frequent occurrence of salt depletion 
and hemoconcentration early in the course of the 
illness. The average whole blood chloride concen- 
tration in 30 cases, examined during the first week, 
was 457 mgm./lOO cc. The spinal fluid chloride con- 
centration in 30 cases averaged 690 mgm./lOO cc. 
The average packed cell volume in children Avas 
42.5% (32 cases), in women 44% (11 cases), and in 
men 48% (6 cases) . In 14 cases observations were 
made early in the illness and again from one to 
two weeks later. In 12 of the 14 cases the chloride 
concentration Avas found elevated and in 10 cases 
the packed cell volume was lowered on the second 
determination. In 5 cases studied during the first 4 
days of illness there was significant retention of 
chloride demonstrated in balance studies of cases 
given supplementary salt. 

It is suggested that salt depletion due to loss 
through sAA’eating and concurrent hemoconcentra- 
tion may be factors predisposing to virus invasion 
and the development of the disease. The decided 
summer incidence of poliomyelitis, the apparent 
predisposition of the active robust child, and the 
reputed association of the disease with antecedent 
strenuous physical activity are epidemiologic 
considerations which appear to be in harmony AA’ith 
the concept. Further clinical investigation and 
appropriate animal studies in this field are clearly 
indicated. Attention to salt and water metabolism 
AA’ould appear desirable in the management 
of cases. 


Protection of the vitamin A fluorescence in tissue 
sections by biologic media. Bruno W. Volk (by 
invitation) and IT.ans Poi’per. Hektoen Inst, for 
Medical Research of the Cook County Hospital, 
Chicago, III. If frozen sections of human or animal 
organs containing vitamin A Averc kept in Avatcr 
or saline solution, their vitamin A fluorescence 
decreased and disappeared A\-ithin 48 hours. The 
fluorescence disappeared faster from animal than 
from human organs and remained longer in tlie 
liver cells than in the Kupffer cells. Addition of 
hy'drogen peroxide accelerated the disappearance 
of the fluorescence considerably. If the sections 
AA’ere kept in human plasma or serum, the disap- 
pearance of the fluorescence Avas markedly de- 
laj'ed. Thin emulsions of liver delayed , the dis- 
appearance of the fluorescence slightly less, 
emulsions of kidne 3 ", spleen, thyroid, and pan- 
creas, furthermore urine, bile, spinal and ascitic 
fluid and suspensions of leucocyte and various 
bacteria were markedly less effective. Emulsions 
of mj'ocardium and pulmonary tissue delaj-ed the 
disappearance of the vitamin A fluorescence only 
slightly. 

This protective ability of the human plasma 
AA’as not significantlj’- reduced by heating, ether 
extraction, tryptic digestion or moderate putre- 
faction. It Avas found in plasma dilutions up to 
1:32. The titer Amried in different patients and 
did not depend upon the vitamin A concentration 
in the plasma. The titer seemed to increase after 
food intake. 

Whether this principle Avhich is found in biologi- 
cal material and AA'hich protects the vitamin .4 
fluorescence of tissue sections in Autro, has biologi- 
cal significance in the protection of the Autamin -4 
stores in vivo, is not established. 
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Effect of protein quality in production of dietary 
cirrhosis of the IRer in rats. Harold Blumberg 
and E. V. McColluai. Dept, of Biochemistry, 
School of Hygiene and Public Health, Johns 
Hopkins Unit'., Baltimore. When purified diets 
haA-e been cmploj'cd for producing dietary- cir- 
rhosis of the liA-er in rats, the diets hav-e been or- 
dinarily considered as choline-deficient and Ioav 
in protein. HoAA-eA-er, the protein used has been 
casein, which is high in methionine and Ioav in 
cystine. 


The effect of protein quality AA-as investigated 
by- comparing casein (high-methionine, Ioaa- 
cy-stine, arachin (low-methionine, mediuni- 
cystine), and glycinin (medium-methionine, mc- 
dium-cystine). The folloAving diet was used: 
protein 20.0, sucrose (or dextrin) 64.0, lard 9.9, 
salts 6.0, and oleum percomorphum 0.06 per cent, 
plus alpha-tocopherol, thiamine, riboflavin, pyt" 
ido.xine, calcium pantothenate, and nicotinic 
acid. 

Each group consisted of 6 y-oung rats. The casein 
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rats grew well, had good fur, aiul had essentially 
normal livers when the experiment, was termiiiiitcd 
after 7 months. The arachin rats scarcely grew, 
were in poor condition, had partial alopecia, and 
had very fatty livers with occasional slight fibro- 
sis, but not cirrhosis. The glycinin rats made slow 
initial weight gains, were in fair condition, and 
had moderately good fur. The livers were moder- 
ately fatty, and cirrhosis was present in all animals 
except one which died early. 

The thcraiwutic value of impi-oving protein 
qualit}' was indicated by appai-cnt arrest of the 
cirrhotic process upon changing an animal, long 
maintained on glycinin, to the casein diet. 

The prodtiction of cirrhosis on a choline-dc- 
ficient diet quantitatively adequate in protein, 
i.c., 20 per cent glycinin, illustrates that cirrhosis 
in the rat is not necessarily associated with “low 
protein" diets. Protein quality as well as protein 
quantity should be remembered in considering 
diet and cirrhosis. [This invesligation was aided 
by a grant from the Josiah Macy, Jr. Foundation.] 
-The effects of hexoses on the respiratory quotients 
of cats. Thorne M. Carpenter. Shitrition Lab., 
Carnegie Inst, of Washington, Boston, Mass. 
Respiratory quotients (R. Q.) were determined 
by the open-circuit method for S successive 
half-hour periods with 1 fem.alo and 6 male cats 
{2.8 to 4.5 kgm.) in the fasting condition (29 e.\- 
■ periments), after 75 cc. of water (25 experiments), 
and after ingestion by stomach tube of 10 grams 
each of glucose (30 experiments), fructose (29 
experiments), and galactose (24 experiments). 
The average fasting R. Q.’s of these cats ranged 
from 0.76 to 0.7S. Ingestion of water produced a 
slight increase in R. Q. for 2 to hours. Glucose 
produced a marked increase, with an average 
maximum of 0.90 in the seventh half hour. Inges- 
tion of fructose was followed by an average rise 
to 0.84 in the fifth half hour. Galactose produced 
about the same rise as fructose and in the same 
time. The cats differed from one another in their 
responses to sugar ingestion, as shown by the 
ranges in their average R. Q.'s for 4 hours. After 
glucose ingestion the range was from 0.S2 to 0.91, 
after fructose 0.79 to 0.85, and after galactose 
0.79 to 0.88. The effect of 10 grams of any one of 
these sugars lasts longer than 4 hours, as shown by 
5 experiments with 2 cats in which basal values 
were not reached during 75 hours. The findings 
with the cats resemble those with man after glu- 
cose ingestion but differ considerably from those 
with man after fructose and galactose, as both 
these sugars produce an early, marked rise 
with man. 

Carbohydrate metabolism in vitamin B, de- 
ficiency. Annette Chesler (by invitation), 
Edmund IIomburger (by invitation) and Harold 
E. Hlmwich. Dept, of Physiology and Pharma- 
oology, Albany Medical College, Union Univ., 


Albany, X. Y. In order to study the biochem- 
ical changes occurring in vitamin Bi defi- 
ciency, 16 dogs wore placed upon .a synthetic 
<lief , vitamin free, to which was added synthesised 
members of the vitamin B comi>lox, C and K, and 
vitamins A and II concentrate. After 35 months 
these animals were injected intravenouslj' with 
glucose, 2 gm. per kilo and pyruvic acid, 0.5 gm. 
per kilo, to establish the control tolerance curves. 
In each instance glucose, lactic acid, and pyruvic 
acid were determined. 

Ten of the animals were then placed on the 
same diet as before except devoid of vitamin Bi, 
while 6 animals were retained as controls. Before 
the 10 deficient .animals exhibited signs of 
avitaminosis, they were again studied. .Abnor- 
mally high concentrations of glucose, lactic acid, 
and pyruvic acid were observed. 

The third set of observations were performed on 
seven animals in extremis. .All showed abnormally 
high glucose, lactic acid and pyruvic acid blood 
values both post-absorptivcly and following the 
injection of either glucose or pyruvic acid. In 
the first sot of observations the lactic acid/pyruvio 
acid ratio was 7.7. In the partially deficient ani- 
mals the ratio averaged 6.2, while in extremis 
the ratio was 10.7. Histologic examination of the 
tissues of these animals is now in progress as well 
as biochemical and histological studies of animals 
maintained in a state of chronic deficiency for 
about 6 months. [Aided by a grant from the 
Williams-Walerman F and of Research Cor- 
poration.] 

Associative dynamic effects of protein, carbo- 
hydrate and fat. E. B. Forbes and R. W. Swift 
(with the technical collaboration of Ann G. 
Buckman), Jane E. Schoiter and M.vav T. 
Davenport. Itist. of Animal Xutrition, School of 
Agriculture, Pennsylvania State College. A study 
was made, with mature albino rats as subjects, 
of the dymamic effects of beef muscle protein, 
cerelose (corn sugar) and lard, individually' and in 
four combinations, as supplements to a complete 
basal diet sufficient for maintenance. 

The individual supplements each increased heat 
production from its own kind of nutriment. Car- 
bohy'drate and protein each spared the other two 
kinds of nutriment, while fat spared only' protein. 

The sparing effects of the mi.xed supplements 
depended on their composition, but all spared fat. 

In the mixed supplements fat was much more 
potent than were protein and carbohydrate in 
determining dynamic ejects. 

The supplement of protein and fat had the 
lowest dynamic effect of all, lower even than that 
of fat; while the combination with the highest 
dynamic effect was that of carbohydrate and 
protein. 

The observed dynamic effect of carbohydrate 
and protein was 12.5 per cent less, of carbohydrate 
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and fat 35 per cent less, of protein and fat 54 per 
cent less, and of carbohydrate, protein and fat 22 
per cent less, than as computed from experi- 
mentally determined values for the individual 
nutrients. 

The idea that the dynamic effects of diets vary 
in the order of their protein contents was found 
incorrect; and inasmuch as there is no scientific 
means of apportioning energy effects or values 
among dietary constituents, the dynamic effects 
of individual foods or nutrients are without sig- 
nificance as constants. 

Effect of addition of lard to a low fat diet in dogs. 
Akild E. Hansen, Hilda F. Wiese (by invita- 
tion) and Ehma v.O. Miller (by invitation). 
De-pt, of Pediatrics, JJniv. of Minnesota, Minne- 
apolis, and Dept, of Pediatrics, Univ. of Texas 
Medical School, Galveston. This study concerns 
two dogs from a total of nine puppies which were 
maintained on a diet low in fat (0.13%). These 
animals developed a characteristic flaky des- 
quamation of the skin with dry coarse hair and 
analysis of the blood serum showed the average 
values for the blood lipids (including cholesterol, 
cholesterol esters, total fatty acids, acetone 
soluble, and acetone insoluble fatty acids as well 
as the iodine numbers of the fatty acids) to be in 
the same range as those previously reported by 
the authors. Subsequently one animal was given 
fat in the form of fresh lard to the extent of 28% 
of its calories. Ten daj-s after lard was added to 
the diet, there was a rise in the iodine number of 
the fatty acids in the serum, although the amount 
of fatty acid remained practically the same. There 
was no noticeable change in the character of the 
skin and hair at this time. Two weeks later there 
was a definite improvement in the appearance of 
the skin characterized by a peeling of the outer 
layers of epidermis and the formation of new soft 
skin. By this time tlie iodine number of the ace- 
tone soluble fatty acids rose from 85 to 122 and of 
the phospholipid fatty acids from 96 to 109. There 
was still no appreciable increase in the amount of 
fat in the scrum. As regards the second animal 
which was given lard to the extent of 5% of the 
total calories, no definite improvement in the 
appearance of the skin was evident until one 
month after lard was added to the diet. At the 
.5% level, the iodine value of the acetone soluble 
fatty acids rose more slowly from an average of 87 
to 103 in 4 weeks and to lOS bysix weeks. Theiodine 
number of the phospholipid fatty acids remained 
the same for 4 weeks but'increased slightl 3 '’ from 
102 to 107 by six weeks. {This sludij was made 
possible by a grant from the National Live Stock 
and Meat Board through the National Research 
Council.] 

The effect of atabrine on thiamin deficiency in 
j’oung rats. D. IM. Hegsted (by invitation), J. M. 


McKibbin (by invitation) and F. J. Stare. 
Division of Nutrition, Dept, of Biochemistry, 
Schools of Medicine and Piiblic Health, Harvard 
Univ., Boston. Previous investigatiohs upon the 
effect of atabrine administration to rats on various 
dietary regimes have shown that on a choline 
deficient ration the addition of 40 to 65 mg. per 
cent of atabrine prevented death and almost 
abolished gross signs of kidney disease. Similar 
studies using a thiamin deficient ration have shown 
that atabrine has a "thiamin sparing" action. 

Comparable groups of young rats have been fed 
a purified ration lacking in thiamin. Atabrine, 40 
mg. per 100 grams of ration, was added to the diet 
of half of the animals. Food intake of the controls 
(no atabrine) was limited to that of the atabrine 
groups during the depletion period. The animals 
receiving no atabrine reached a maximum weight 
in ten days, lost weight rapidly, and died on the 
twenty-eighth day (average). Animals receiving 
atabrine continued to gain until the fifteenth day 
and then lost weight very slowly. They did not 
die until the forty-eighth day (average). 

In a similar e.xperiment small supplements of 
thiamin, 3 meg. per dajq were given after the 
depletion period. The animals receiving atabrine 
gained more per day (1.78 grams) than did the 
control animals (1.20 grams) even though the 
animals receiving atabrine had been on the thiamm 
free ration for eight days longer than the controls. 

Fluorine is necessary in the diet of the rat. J. F- 
McClendon. Hahnemann Medical College and 
(he experimental farm of J. F. McClendon. A 
fluorine-free diet was prepared from food grown 
in solution culture and chemically pure substances 
in grams (dry) as follows: 500 yellmv corn, 300 
glucose, 50 years, 19 soy beans, 20 bean and corn 
leaves, 1 lysine, 10 NaCl, 80 corn oil and 20 cod 
liver oil. Two rats (whose mother’s diet con- 
tained 0.3 parts of fluorine per million) were put on 
the fluorine-free diet at the age, of 21 days. One 
rat died of starvation in 48 dajm because caries 
had destroyed the effective chewing surfaces of all 
of the molar teeth, and it stopped eating. The 
other rat was saved from starvation with 10 co. 
of milk containing 1 microgram of fluorine, but 
died of starvation in 70'days. The crowns of the 12 
molar teeth of each rat were practically removed 
by caries except that the caries of the 3rd molars 
(which are of little use in eherving) ivas less ex- 
tensive. This is the most extensive caries seen m 
any rat on anj^ diet for any number of days. This 
production of 12 carious teeth per rat in 48 and 70 
days ma}' be compared with 0.3 carious teeth per 
rat in 40 days and 3 carious teeth per rat in 75 days 
on a diet which was apparently not superior except 
that it contained 0.3 parts of fluorine per million^ 
and no caries in 75 days when 10 parts of fluorine 
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per million WHS added to the drinking water. Fluo- 
• rinc is necessary in a diet that has to be chewed. 
- Choline deficiency studies in dogs. J. M. 
:: McICinniK (by invitation), S. TiiAvnii (by in- 
i' vitation) and F. .1. Stake. Division of hUitrition, 
Dept, of Biochemistry, Schools of Medicine and 


Public Health, Harvard Unit’., Boston. Weanling 
puppies were placed on a ration consisting of 
sucrose -49.5, alcohol and ether e.vtracted peanut 
meal 30, cottonseed oil 7, cod liver oil 3, salts -i, 
casein 6, and KiHPOt 0.5. Supplements of thiamin 
chloride, pyridoxinc hydrochloritlc, ribollavin, 
calcium pantothenate, and nicotinic acid were 
added to the ration. Control animals received 200 
mg. per cent of choline chloride. Both control and 
deficient animals grew poorly on this ration, and 
four of the six dogs died within 3S d.ays. 

.Vnother litter of five puppies received a similar 
ration but modified as follows: casein 7, cod liver 
oil 2, and liver extract 2. Two dogs not receiving 
choline died within two weeks and on necropsy 
showed extremely fatty livers. The controls grew 
normally for IS to 20 daj's then rapidly lost weight 
and died by tho twenty -fifth day. These animals 
had normal livers but showed engorgement of 
kidneys, intestines, pancreas, and hemorrhages 
into tho kidney medulla. 

Three litters totaling 12 puppies were then 
placed on tho modified ration but containing 3 
per cent of a different liver extract. Six control 
animals received choline, and one control re- 
ceived 0.7 per cent methionine without choline. 
Growth in the control animals was retarded some- 
what at first but became normal after the tliird 
week. The deficient dogs failed to grow and at 
necropsy on the thirty-second to forty-third day’s 
showed extremely fatty livers, whereas the con- 
trols appeared grossly’ normal. Prothrombin time, 
bromsulfalein test, and serum phosphatase indi- 
cated severe liver disease in the deficient but were 
normal in the controls. 

Effect of protein deficiency on plasma protein 
and plasma volume. Jack Metcoff (by’ invita- 
tion), C. B. Favour (by’ invitation) and F. J. 
Stare. Division of Nidrilion, Dept, of Biochem- 
istry, Schools of Medicine and Public Health, 
Harvard Univ., and Medical Clinic of the Peter 
Beni Brigham Hospital, Boston. Weanling rats 
were placed on a purified diet containing sucrose, 
corn oil, salts, crystalline B-vitamins, and “v’ita- 
min-free” casein at an IS per cent level. Vitamins 
A and D were furnished by Haliver oil fed bi- 
weekly. After one week of growth on this diet, 
total protein, hemoglobin and hematocrit de- 
terminations were made. The rats were divided 
into two groups and in one of these the casein level 
was decreased to S per cent. After three weeks 
the control group had more than trebled its initial 
mean body weight increasing at a mean growth 


rate of approximately 3.0 grams a day. The group 
on the low casein diet grew poorly’, increasing at a 
mean growth rate of approximately^ 1 .0 gram a day’. 
At this time, total protein, hemoglobin, and henui- 
tocrit determinations ivere repeated, and, in 
addition, plasma volume was measured. 

.\!thougli growth was markedly’ diminished in 
the deficient animals, their total proteins, hemo- 
globins, and hematocrit values had apparently 
increased and were essentially' the same as those 
of the controls. The total jilasma protein con- 
centration, however, was significantly’ altered; 
mean plasma volume per 100 gram body weight in 
the control group being approximately 30 per 
cent greater than that of tho e.xporimental group. 

Tn view of the concept of dy’iiamic equilibrium, 
presumably' the protein deficient rat at 3 weeks 
maintains the jilasma protein level by a decrease 
in pl.asma volume and failure of tissue growth. 
Work now in progress is concerned W’ith the pos- 
sible relationship between these phenomena and 
susceptibility' to infection. 

The hematopoietic value of certain dietary pro- 
teins in the hemorrhagic anemia of the rat. James 
M. Ortek and Aline Underhill Orten (by 
invitation). Dept, of Physiological Chemistry, 
Wayne Univ., College of Medicine, Dclroil. Hemor- 
rhagic anemia was produced in adult rats by the 
removal of 30% of the calculated blood volume 
(2.0 cc. per 100 gram body weight) from the warm, 
oiled tail. An equal volume of 0.9% physiological 
saline, for fluid replacement, was injected intra- 
peritoneally immediately after the bleeding. This 
method has proved highly satisfactory. 

Rats were fed from weaning adequate synthetic 
diets containing 1S% of the protein to be studied. 
.\nimals given lactalbumin regenerated hemo- 
globin to the pre-hemorrhage level in an average 
of 18 days. .\pj>roximately 90 mg. hemoglobin per 
rat per day, or IS mg. per 100 gram body weight , and 
39 mg. per gram of protein ingested per day wore 
regenerated during the IS-day period. Similar 
values w'ere obtained when tho protein was sup- 
plied as either casein, skim milk solids, or a skim 
milk-blood solids mixture. 

Paradoxically, with dried beef blood as the pro- 
tein, 21 days were required for hemoglobin re- 
generation. Only' 16 mg. hemoglobin per rat or 17 
rag. per 100 gram body weight, and only 17 mg. 
hemoblobin per gram of dietary protein were 
formed per day’. 

With a low level of lactalbumin (2.8% protein), 
28 days were required for the hemoglobin value to 
return to the prehemorrhage level and only’ 9 mgm. 
hemoglobin per day or 11 mg. per 100 gram body 
weight per day were formed. However, approxi- 
mately 75 mg. of hemoglobin were formed daily 
for each gram of protein ingested. 

These data emphasize the importance of both 
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the quality and quantity of dietaiy protein in 
hemoglobin formation. 

The utilization of thiamine from four yeasts. 
Helen Parsons, Audrey Foeste (by invitation), 
Anne Williamson (by invitation) and Hulda 
Stettler (by invitation). Dept, of Home Eco- 
nomics, Univ. of Wisconsin, Madison. The utiliza- 
tion of thiamine from four types of moist yeast 
was determined by means of growth in rats and 
thiamine elimination by human subjects. The 
yeasts were fed both fresh and after treatment 
(boiling or soaking in alcohol, aimed at injuring 
the protoplasmic membrane) at the equivalent of 
4 ng- thiamine per rat and 2 to 3.7 mg. per person 
per day. 

Three of the four types of yeast, only moderately 
enriched, each yielding 0.5 mg. thiamine per cake 
were all less well utilized, judged by the criteria 
mentioned, when fed fresh than after treatment; 
in fact, the urinary thiamine on the fresh yeasts 
was not raised above that on the basal diet alone. 

These results confirmed earlier published re- 
ports from this laboratory on two of these brands 
(A and B) . The third (C) of this comparable group 
had as a control a heavily enriched brand (D) 
3 'ielding 3.7 mg. thiamine per cake but otherwise 
identical with Type C. In tests with both human 
subjects and animals fed Type D at the same 
thiamine levels as before, this proved to be the 
only one of the four j'easts which was approxi- 
mately equally well utilized in the fresh and 
treated forms. It is therefore concluded that its 
superior utilization in the fresh state in compari- 
son with the other three types is not attributable 
to the strain of yeast but to the comparatively 
high proportion of thiamine to yeast cells, thus 
probably accounting for the greater availability 
of its thiamine for absorption. 

Choline as an adjuvant to the dietary therapy of 
clinical cirrhosis of the liver. A. H. Russakoff 
(by invitation) and Harold Blumberg. Medical 
Service, Sinai Hospilal and Dept, of Biochemistry, 
School of Hygiene and Public Health, Johns 
Hopkins Univ., Baltimore. The effect of dietary 
thcrapj' was studied in nine patients with clinical 
evidence of decompensated portal cirrhosis of the 
liver. In addition to high protein, high carbohy- 
drate, low fat, high vitamin diets (P 125-150, 
C 300, F 50-60 grams), supplements of choline 
chloride were administered orall}’- in doses up to 
si.v grams daily (two grams thrice dall}'). Seven 
of the nine p.atients showed definite improvement, 
as evidenced by clinical and laboratory findings. 
Generally, the enlarged livers were considerable 
reduced in size, ascites was greatly diminished or 
disappeared, serum proteins (albumin) increased, 
the hemogram improved, the prothrombin time 
decreased, and liver function tests became normal. 
Two patients failed to improve. One had an en- 


larged fibrotic, but non-fatty liver (autopsy); y 
the other had a small shrunken liver. j 

Noteworthy were three patients who showed i 
no improvement when first treated for three weeks ( 
with the adopted high protein diet alone. In all , ] 
three cases, improvement was noted within the , 
first ten days of choline therapy. Improvement ; 
continued, and the patients were discharged 
within two months. 

The development of clinical cirrhosis, particu- 
larly in alcoholics, is frequently associated with 
hepatic infiltration by neutral fat, that form ol 
lipid upon which choline has a highly effective 
lipotropic action. In experimental animals, choline 
has a beneficial effect in the prevention and treat- 
ment of several types of dietary cirrhosis. This 
preliminary investigation suggests that in some 
cases choline may provide an important adjuvant 
to the therapy of clinical cirrhosis of the liver. 
[Acknowledgment is made to the Edwin B. Hulzler 
Research Fund of Sinai Hospital for the choline 
chloride used in this study.] 

Evidence for a new B-complex factor in yeast 
concerned with hemoglobin production in the dog. 
Susan Gower Smith. Dept, of Medicine, Duke 
Univ. School of Medicine, Durham, N. C. It has 
been observed that puppies on a symthetic diet 
containing Brewer’s yeast at a level of 10% will 
regularly elevate their hemoglobin to 18-20 grams 
and maintain it at this level for an experimental 
period of 1-2 years in spite of the fact that the ac- 
cepted normal hemoglobin for the dog is 14 grams. 
Litter mates of these animals on a synthetic diet 
of the same ingredients except for the yeast and 
supplemented with eight synthetic vitamins 
(vitamins Bi and B:, riboflavin, nicotinic acid, 
pantothenic acid, inositol, para-aminobenzoic 
acid, choline) fail to gain weight at the normal 
rate; and although their hemoglobin ' usually 
reaches 18 grams at some point in the curve, they 
cannot maintain it at this level. It drops gradually 
to 10 grams or below, and the anemia produced 
tends to be normocytic in contrast to the hypO" 
chromic, microcytic anemia observed when vita- 
min Bo is lacking. 

Since the eight synthetic factors given are in- 
adequate to maintain the dogs’ hemoglobin at 
optimal or normal values, and since the factor 
concerned is found in a water soluble fraction of 
the yeast, it is probably among the unknow'n or 
known but unsynthesized members of the B' 
complex. The three most likely factors are fol*® 
acid, xanthopterin and vitamin Be, all of whic i 
have been associated with hematological changes. 
Folic acid and xanthopterin have been tested an 
failed to give a positive response. It is probable, 
then, that the factor concerned is a new member o 
the vitamin B-complex. 

Nutritional adequacy of human plasma proteins. 
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F. J. SrARU, D. i\I. IIkgsted (b 3 ' invitation) and 
J. M. JiIcKiBBiN (by invitation). Division of 
I^ttlrilion, Dept, of Biochemistry, Schools of Medi- 
cine and Public Health, Harvard Univ., Boston. 
We.anling rats vere fed a purified diet of sucrose, 
corn oil, salts, crj'stallinc B-vitamins, and dried 
human plasma. Tho'plnsma was added at a level 
to supply IS per cent protein in the diet. Vitamins 
A and D ncre supplied bj' Ilaliver oil given twice 
weekly. Control animals received a diet of identi- 
cal composition except that the protein was fur- 
nished bj' “vitamin-free” casein. Growth and 
general appearance of the animals on the casein 
ration were greatlj' superior to those on the plasma 
ration; the former averaged a daily gain of 3.3 
grams, the latter of 0.9. In subsequent experiments 
amino acid supplements were made to the plasma 
ration; the plasma content was decreased suffi- 
ciently to maintain a nitrogen content comparable 
to the previous experiments. Of the anuno acids 
added (isoleucinc, leucine, valine, tryptophane, 
methionine, arginine) dl isoleucine produced the 
greatest effect, and provided growth nearly 
equivalent to the simultaneous addition of all 
six. A typical experiment showed the following 
weight gains (grams per daj') : casein, 3.0; plasma, 
1.1; plasma plus 0.5 per cent dl isoleucine, 2.4. 
Thus when the nutritional adequacy of the pro- 
teins of human blood plasma is measured by the 
rat growth method, isoleucinc appears to be the 
principal essential' amino acid lacking in the diet. 

Distribution of fatty acids in the blood serum of 
dogs as affected by diet. Hild.v F. Wiese (by in- 
vitation) and Aried E. Hansen. Dept, of Pedi- 
atrics, Univ. of Minnesota, Minneapolis, and Dept, 
of Pediatrics, Univ. of Texas Medical School, 
Galveston. A study has been made of the distribu- 
tion of the fattj' acids (with special reference to 
their degree of unsaturation) in the blood serum 
of 2 groups of dogs. In one group, 5 young dogs 
Were maintained on a diet low in fat (0.13%) and 
in the second group, 6 young dogs received the 
same diet except for the isocaloric substitution 
of 28% of the sucrose calories by fat in the form 
of fresh lard. All the animals in the first group 
showed the dry flaky skin w'hich is characteristic 
of young dogs maintained on this fat deficient 
diet. The fatty acids of the serum were separated 
into 3 fractions, namely, phospholipid, glyceride 
and cholesterol ester fattj’ acids. The phospho- 
lipid fatty acids were derived from the acetone 
insoluble fraction of the serum lipids by saponi- 
fication and the glyceride and cholesterol ester 
fatty acids were separated from the acetone soluble 
portion by means of the castor bean lipase frac- 
tionation procedure. The amount of fatty acids 
was determined bj- microgravimetric means and 
the relative degree of unsaturation was measured 
bj' the iodine number of the fatty acids. The 


results show that tlic cliolesterol ester fatty acids 
not onlj'- carry the most unsaturated fatty acids 
in the scrum but also reflect to the greatest extent 
the character of the dictaiy regimen containing 
lard. Both the average amount and the degree of 
unsaturation of the glj’ccride fatty acids were the 
same in tlie 2 groups of dogs. The phospholipid 
fatty acids were slightlj- lower in amount and had 
lower iodine numbers in the group of animals on 
tlic low fat diet than those in the control group. 
The average iodine numbers in the two groups were 
OS and 112 ^especfivcI 5 ^ The average cholesterol 
ester fatty acid values were 111 mg. per 100 cc. 
scrum for the group on the low fat diet and 138 
mgm. per 100 cc. serum for the group receiving 
28% lard. The average iodine numbers were 103 
and 12S respectively'. [Aided by a grant from the 
National Live Slocl: and Meal Board through the 
National Research Council and Medical Graduate 
Research Fund of the Univ. of Minnesota.] 

Production of a scurvy-like condition of guinea 
pigs with glucoascorbic acid, and its prevention 
with ascorbic acid. D. W. WoOLLET. Lab. of The 
Rockefeller Inst, for Medical research, Ncie York. 
It was demonstrated recently' in this laboratory 
that mice and rats developed a disease with many 
of the manifestations of scurvy when they were 
fed glucoascorbic acid. This disease was not pre- 
vented by’ ascorbic acid, but was prevented by a 
substance present in plant materials rich in this 
vitamin. Since mice and rats do not require a 
dietary source of ascorbic acid, it seemed advisable 
to determine whether the scurvy-like disease could 
be prevented with the vitamin in a species such 
as the guinea pig for which ascorbic acid is a 
dietary essential. 

The development of a satisfactory, highly-puri- 
fied diet for guinea pigs (unpublished data) has 
made this test possible. Previous adequate diets 
for guinea pigs could not be used since they con- 
tained the protective substance mentioned above. 
With the present diet, composed of sucrose, casein, 
cellulose, salts, pure vitamins, and small amounts 
of a liver concentrate, the addition of 7 per cent of 
glucoascorbic acid to the ration, which provided 
0.1 mg. of ascorbic acid per day, produced a disease 
within 10 days characterized by failure of growth, 
diarrhea, alopecia, mild hemorrhage, and death. 
Control animals which did not receive gluco- 
ascorbic acid did not exhibit these signs. 

The disease was prevented by' ascorbic acid. 
Thus, 1 mg. of ascorbic acid per day maintained 
health in guinea pigs receiving 5 per cent of gluco- 
ascorbic acid, and 10 mg. of ascorbic acid per day 
was effective in animals getting 7 per cent of the 
compound. Therefore, the disease may be viewed 
as an ascorbic acid deficiency, and the condition 
previously’ described in mice and rats may' be re- 
garded similarly. 
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Occurrence of natural antibodies and formation 
of immune antibodies in rabbits of different ages 
injected with hemolytic streptococci. Paul F. 
deGara. Dept, of Pathology, Cornell Univ. Medi- 
cal College, New York City. Natural agglutinins 
for hemolytic streptococci were found in the sera 
of a number of untreated healthy young and full 
grown rabbits, but the titre was very low. No 
streptococcidal properties were noted in the sera 
of untreated young nor in those of full grown 
animals. Following a single intravenous injection 
of hemolytic streptococci, agglutinins developed 
in most of the young and of the full grown rabbits. 
In full grown animals a higher agglutinin titre 
was usually noted, and the agglutinins persisted 
for a longer period than in young rabbits. No 
streptococcidal activity developed in either young 
or full grown animals. The greater resistance of 
young rabbits to intravenous injections of hemo- 
lytic streptococci can not be explained by the pres- 
ence of a large amount of natural antistreptococcal 
antibodies in the serum of the animals, nor is it 
due to a greater ability of the young rabbits to 
produce the antibodies following the intravenous 
infection. 

Studies on the difference of resistance of young 
and of full grown rabbits to intravenous injections 
ofhemolytic streptococci. Paul F. obGara. Dept, of 
Pathology, Cornell Univ. Medical College, Neiv 
York City. A single intravenous injection of broth 
culture of Streptococcus hemolyticus (strain NY5) 
was given to 29 full grown rabbits and to 32 young 
animals, 3 to S weeks after birth. Fourteen full 
grown rabbits (48.2 per cent) and 26 young rabbits 
(81.2 per cent) survived the injection for at least 
one week. Loss of the body weight was noted in all 
animals during the week following the infection. 
The bodj" temperature of young rabbits rose 
sharply between 1 and 5 hours after the infection. 
It declined after 24 hours but remained .above 
normal for 5 days. In full grown animals the initial 
' rise was followed by a return of the body tempera- 
ture to almost norm.al values after 24 to 30 hours. 
A second rise occurred 72 hours after the injection, 
and the temperature returned to normal after 6 
days. Bacteremia was alway’s present 5 hours 
after the injection of streptococci. .After 24 hours 
the blood cultures from rabbits which survived the 
infection were either sterile or contained only 
small numbers of colonies, while those taken post- 
mortem from rabbits that died within 7 days 
always contained innumerable streptococci. .Arth- 


ritis was observed in the 26 young and in 12 of 
14 full grown rabbits that survived the infection. 
The number of joints involved was greater in 
young animals. The greater resistance of young 
rabbits to streptococci may be explained by the 
fact that this age group did not jmt have sufficient 
contact with the microorganisms and, therefore, 
was not “sensitized.” 

Studies on (he effect of temperature, humidity, 
and glycol vapors on air-borne organisms.* K. B. 
DeO.me and Personnel of USNR Lab, Research 
Unit ^ 1 . A dynamic system, consisting essentially 
of dust-free air moving through a long glass tube, 
at .a constant velocity enabled rapid estimations of 
air-borne bacterial death rates under controlled 
conditions of temperature find humidity. Glycol 
vapor was mixed with air in the tube. A test or- 
ganism, Sobnonena pullorum, was added and moved 
along with the air stream. Air samples taken from 
the tube at various distances from. the dispersing 
atomizer contained organisms which had been 
exposed to the glycol vapors for known lengths of 
time. Increased death rates produced by the 
glycols were determined by comparison with 
normal death rates. 

(a) Normal death rate: Changes in relative 
humidity (RH) between 40% and 60% produced 
little change in death rate; however, a lowered RH 
(15%) greatly increased survival time, while high 
RH (80%) produced the opposite effect. .A rise in 
temperature from 2S°C. to 37°C. progressively 
decreased survival time with every increase m 
humidity tested. Effects of combined increases in 
temperature and humidity wore cumulative. 

(b) Glycol death rate: Glymol effectiveness in- 
creased as concentrations approached the satura- 
tion capacity of the air, but decreased as tem- 
perature was raised from 28°C. to 37°C. and as the 
RH deviated from approximately 45%. The Ion 

* Dr. Iv. B. DeOme, Division of Veterinary Science, Univer- 
sity of California, Berkeley, California. Tlio Unit Personnel con- 
sist) of: Albert P. KnieRcr, Captain 5IC-V(S), USNR, Office 
in-CharRe, and A. H, .Tacoba, Lieut, >IC-V(S), U.SNR: ' 

Browne, Lieut. H-V(S), USNR; 0. J. Golub, Lieut, Il-VfS). 
USNR; L. E. RosenberR, Lieut. H-V{S), USNR: N. S. W«t, 
Lieut. H-V(S), USNR: J. R. Mathews, Lieut, H-VtS), USNRi 
M. D. Thaxter, Lt. Ok) IIC-V(S), USNR; H. M. S. Watkinv, 
Lt. (ill) H-V(S), USNR; A. .L Glazko, EnsiRii, H-V(S), USNR: 
W. R. Leif, Ensign, HC-V(S), USNR; G. B. Saviors, Ensign, 
IIC-V(S), USNR; I. L, Sliechmeister, Pharm. HC-V (S), USNR: 
A. I. Teplow, Pharm, HC-V(G), USNR; W. L. Axelrod, CPhM, 
V-C. USNR; H. R. Burkhead, PIiMlc, V-0, USNR: K. 
holm, PliMlc, V-G, USNR; C. R. Webb, Jr., PliMlc, V-C, USNR: 
W. D. Won, PUMte, V-G, USNR. 
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survival time at 80% RII prevpiitod dcmoiistra- 
tion of any reduction by glycol. High survir-jd 
time at 15% RII was iinaficcted by glycol vapor 
even in high concentration. The concentration of 
PG required to produce a given reduction in death 
rate was more than one hundred times that of 
TEG. [7Vic opinions advanced in this paper arc 
those of the writers and do not represent the official 
ricu's of the Kavy Department.] 

Neutralization of Middle East and Lansing 
strains of poliomyelitis virus by human sera. Is.vdkl 
M. Morgan (by invitation), Puteii K. Olitsky 
and R. W.veter ScuEEStNGER (by invitation). 
The liockcfcUer InstitiUc for Medical Research, 
Ncio York City. A strain of poliomyelitis virus 
isolated from a fatal human ease among the British 
Middle East Forces (MEPl), transferable to cot- 
ton rats and mice, was indistinguishable in its 
pathogenic and serological characteristics from 
Lansing virus (Science, 9S; 152, 1943). Human 
serum-neutralization tests were carried out with 
MEFl and Lansing virus. 

MEFl: Sera from the Middle East Forces in- 
cluded those from 15 British soldiers (2 polio- 
myelitis-eonvalescents and 13 "normal” men) and 
an American Medical officer. All these human sera 
neutralized MEFl virus in intracerebral tests in 
mice. 

Lansing virus: Sera from 3 Canadians (Winni- 
peg) and 27 male adult prisoners from New Jersey, 
as well as 12 British soldiers from the Middle East 
Forces convalescent from various diseases of the 
CNS were tested. All Winnipeg and New Jersey 
sera neutralized Lansing virus; 9 out of 12 Middle 
East sera were also positive. 

Neutralizing antibody to Lansing type polio- 
myelitis virus was found in all “normal ” sera from 
Canada, U. S. A., and the British Middle East 
Forces. Therefore, no diagnostic signific.ance could 
be attached to the finding of similar antibody in 
convalescents of the Middle East Forces. [This 
study was carried out under the auspices of the 
Neurotropic Virus Disease Commission, Board 
for the Investigation and Control of Influenza and 
Olher Epidemic Diseases, Division of Preventive 
Medicine, Office of the Stirgeon General, U. S. 
Anny.] 

Laboratory and field studies of glycols and floor 
oiling in the control of air-borne bacteria. The 
Personnel* of United States Naval Reserve 

* The Unit Personnel consists of: .Albert P. Krueger, Cnptrun, 
USNR., Ofiicer-in'Clmrfie, and A. H, Jacobs, Ucut. 


Laboratorj' Research Unit htl. Univ. of Califor- 
nia, Berkeley. Laboratory o.vperiments e.stab- 
lisliod tli.at vaporized propylene glycol (PG) or 
trietliylciio glycol (TEG) raised the dew-point 
of flir. The compositiou.of glycol-water conden- 
sates resulting from glycol-nir mi.vturcs at various 
humidities is discussed in its relation to the theoiy 
of action of glycols on air-borne organisms, hleth- 
ods of determining room air turnover, employing 
CO: or PG vapor as tracers, arc described. 

Field investigations conducted in a Navy hos- 
pital ward evaluated PG and TEG vapors, and the 
oil treatment of floors as to oflicaey in reducing tlie 
total bacterial and hemolytic streptococcus counts 
of the air. Detailed observations were made on all 
ward routines to correlate various types of ac- 
tivity in the ward with the resultant data. It was 
found that such occurrences as sweeping, bed- 
making or the activity incident to morning routine 
and meal-time caused marked rises in both total 
and streptococcal counts. Neither PG nor TEG 
Vapor in concentrations up to saturation produced 
significant reduction of bacterial levels under such 
peak conditions. 

Swabbing floors with water, PG, PG-water mix- 
tures, or with a liglit oil held down considerable 
dust, the major source of rises in counts; however, 
only oil was found to have the characteristics 
necessary to produce a lasting effect. One applica- 
tion of oil held all counts, except those following 
bed-making, to “quiet” levels for over a week and 
was partially effective after two weeks. The second 
application was completely effective for over two 
weeks. 

Routine .application of floor oils is recommended 
as a measure to reduce cross-infections. [The opin- 
ions advanced in this paper are (hose of the writers 
and do not represent the official views of the Navy 
Department.] 


JlC-VfS). USNR; A. S. Browne, Lieut. H-V(S). USNH; O. J. 
Golub, Lieut. H-V(S), USNR; J. R. Mathews, Lieut. H-V(S), 
USNR; L. E. Rosenberg, Lieut. ir-V(S), USNR; N. S. tVeat, 
Lieut., H-V(S), USNR; M. D. Thaxter, Lt. Og) HC-V(S), 
USNR; IT. .M. S. Watkins, Lt. Cjg) H-V(S), USNR; W. R. Leif, 
Ensign, HC-V(S), USNR; A. J. Glarko, Ensign, HC V(S). 
USNR; G. B. SaWers, Ensign, HC-V(S), USNR; I. L. Shech- 
mcister, Pharm. HG-V(S), USNR; A. I. Teplow, Pharm. HC- 
V(S), USNR: w. L. Aietrod, CPhM, V-0, USNR; H. R. Burk- 
head, PhMIe, V-6, USNR; E. R. Chisholm, PhMIo, V-6, USNR; 
C. R. Webb, Jr., PhStlc, V-6, USNR: W. D. Won. PhMlc,V-6, 
USNR. 
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CORRECTIONS OF ERRORS IN THE ABSTRACTS PUBLISHED IN THE 

MARCH ISSUE 

Page 65. Georg Parkan. The sentence beginning 
on line 11 of the abstract should read: It is now 
analytically proven, with the oxidation product 
isolated and purified. 

Page 79. Lawson and Thienes. On line 15, first 


column, the number 106 mg/K should bo LOG 
mg/K. 

Page 98. Susan Gower Smith. The parenthetical 
list of the eight synthetic vitamins reads (vitamins 
Bi and B;, riboflavin, etc.). It should rend (vita- 
mins Bi and Be, riboflavin etc.). 


INTERIM REPORTS SUBMITTED BY THE SECRETARIES OF THE 
CONSTITUENT SOCIETIES 

AMERICAN PHYSIOLOGICAL SOCIETY 


The following interim actions of the Council arc 
announced to the Society: 

On May 4, 1943, the Council approved a new 
agreement' with Anutiol licvicus, Inc. to replace 
the old one which was judged to be illegal. 

On May 12, 1943, Dr. K. C. Ivy was appointed a 
member of the Board of Publication Trustees to 
fill the unexpired term of one year left vacant by 
the resignation of W. 0. Fenn. On March 20, 1944, 

. Dr. Ivy was appointed a member of the Board for 
the term 1943-1946. 

The report of the Board of Publication Trustees 
(Dr. W. J. Meek, Chairman, Dr. -A,. C. Ivy, and 
Dr, H, C. Bazett) has been received and approved 
by the Council. The report announces the appoint- 
ment of Dr. Hallowell Davis as Associate Editor 
of the Journal in place of Dr. Detlev Bronk, and 
of Dr. M. H. Seevers as Associate Editor of the 
Reviews in place of Dr. Ceiling who retires. Both 
of these changes are made in accordance with the 
regular policy of rotation in office recommended 
by the Board. In 1943, the Board also appointed 
Dr. F. L. Hisaw an Associate Editor for Physio- 
logical Reviews in place of Dr. P. E. Smith who 
resigned. 

Dr. Dayton J. Edwards was appointed alternate 
representative of the Society on the Council of 
the A.A.A.S. in May 1942. He and Dr. Homer 
Smith were continued as representative and 
alternate representative respectively in 1943. 
Representatives appointed for the Cleveland 
meeting in September 1944 are Dr. C. J. Wiggers 
and Dr. A. Sidney Harris (alternate). 

The Council has approved the organization of 
two symposia for publication in Federation Pro- 
ceedings. They are Cerebral Blood Flow by C. F. 
Schmidt and Physiological Aspects of Convalescence 
and Rchabilitalion by Ancel Keys. 

In 1943, the Council voted to recommend the 
following nominees to the_ Society for election as 


members: Harry F. Adler, Charles R. Allen, J. 
Garrott Allen, Clifford A. Angerer, William F. 
Bale, D. H. Barron, Edgar C. Black, Harry D. 
Bouman, John R. Brobeck, Katharine A. Brow- 
nell, Carl A. Bunde, George Clark, Julius H. 
Comroe, Jr., S. A. Corson, J. R. Di Palma, Victor 
A, Drill, C. H. Ettinger, William H. Forbes, 
Keith S. Crimson, R. E. Haist, J. E. Hawkins, Jr., 
A. W. Hetherington, S. M. Horvath, L. B. Jaques, 
Bruno Kisch, Max Kleiber, Harold Lamport, 
Julian P. Maes, R. A. McFarland, C. T. Morgan, 
C. A. Moyer, I. T. Natlrjinson, E. A, Pinson, 
Efren C. del Pozo, W. C, Randall, J. W. Reming- 
ton, 51, J. Schiffrin, G. M. Schoepfle, W. W. Scott, 
M. H. Soley, Clara Torda, D. B. Tyler, Shih-Chun 
Wang, D. F, Waugh, J. M. Werle, Grace E. Werten- 
berger, Herman S. Wigodsky, J. H. Wills, E. H. 
Wood. 

All of these nominees are accorded provisionally 
all the privileges of membership until such time 
as the Society can complete the election in accord- 
ance with the Constitution. 

The Council recommends that the dues for 1944 
be set at S2.50. 


Supplemental, May 15, 19U. 

Dr. Homer Smith has been appointed to the 
Board of Publication Trustees for the 1944-47 
term to succeed Dr. H. C. Bazett whose second 
term of office has been completed. 

Dr, H. C. Bazett has been appointed to repre- 
sent the Society on the Division of Medic.al 
Sciences of the Xational Research Council for 
three years to succeed Dr. Lawrence Irving. 

The following members have been recommended 
by the Council for election by the Society at its 
ne.\-t annual meeting: M.arie Weeker Burrill, Leigh 
Edward Chadwick, William Doyne Ceilings, 
Alfred Lewin Copley, Andre Frederic Cournand, 
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Jefferson Martineau Crismon, Robert Croly 
Darling, Edwin S. Fetcher, Dorothy Fetter, Piero 
Pio Foa, Leslie Willard Freeman, Austin F. 
Henschel, Theodore Louis Jahn, Robert Eugene 
Johnson, Jerzy Kaulbersz, Robert Cleveland Lee, 
Nathan Lifson, Victor Lorber, G. W. Manning, 
Gordon Marsh, Arthur W. Martin, Jr., Georges 
M. C. Masson, Augustus Taylor Miller, Jr., Evan 


William McChesney, Chafles Neumann, Donald 
M. Pace, Charles Marc Pomerat, Hermann Rahn, 
David J. Sandweiss, Malvina Schweizer, Harry 
Shay, Irwin W. Sizer, J. Clifford Stickney, Henry 
Longstreet Taylor, Jay Tepperman, Julian M. 
Tobias, Richard Tyslowitz, Walter S. Wilde. 

W. 0. Fenn 
Secrelanj 


THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 


ABSTRACT OF THE EXECUTIVE 
PROCEEDINGS OF A MEETING OF 
THE COUNCIL, APRIL 28, 1943 

Officers and Committees 

Officers for the Year 1943-44: President, E. A. 
Doisy; Vice-President, A. B. Hastings; Secre- 
tary, A. K, Balls; Treasurer, W. C. Stadie. 
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Wilson. 

Editorial Board: To be chosen by the Editorial 
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Finance Committee: H.T. Clarke (Chairman), 
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Assistant Treasurer: Irving Trust Company, 
New York City. 

Counsel: Lloyd N. Scott, 535 Fifth Avenue, 
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Association for the Advancement of Science: P. A. 
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Committee on Biochemical Nomenclature: E. M. 
Nelson (Chairman), H. C. Sherman, E. V. 
McCollum, E. S. G. Barron. 

Program Committee: Tlic Council. 

Representative on the Control Committee of the 
Federation Proceedings: C. G. King. 

Historian: R. H. Chittenden. 

Committee on Chemical Service to Medicine: V. 
DU Vigneaud (Chairman), D. D. Van Slyke, E. 
A. Doisy, e.x. off. 


Committee on National Defense: E. A. Doisy 
(Chairman), R. J. Anderson, A. K. Balls, W. M. 
Clark, H. T. Clarke, A. B. Hastings, C. G. 
King. 

The Editorial Committee reported that during 
1942, 560 manuscripts and 81 letters to the Editors 
were handled and a total of 4,273 pages was printed 
as compared to 5,100 pages in 1941. Publication of 
the Journal involved a net loss to the Society of 
S923.57. The format of the Journal has been 
changed to increase the number of words per page 
by about 18 percent. 

The Treasurer reported that the running ex- 
penses of the Society" for 1942 exceeded his receipts 
by 820.53. Cash on hand however was §1330.38. 
The Council authorized the Treasurer to purchase 
United States Bonds when he considered his 
balance justified doing so. The dues of the Society 
were retained at §2.50. 

The Council authorized the preparation and 
printing of a Cumulative Index to volumes 126-150 
of the Journal of Biological Chemistry, and its 
free distribution to subscribers. A limited number 
of copies of the previous Cumulative Indexes is 
still available and it was voted to supply such 
copies free to former subscribers of the Journal 
upon request until the number of each Index re- 
maining is 75 copies. These remainders will be 
reserved for the Journal’s use. 

A history of the Society of Biological Chemistry 
has been written by Dr. Russell H. Chittenden. 
The Council authorized the Managing Editor of 
the Journal to publish this history as a separate 
item to be given to members free and to be offered 
for sale to other interested parties at a price to be 
determined by the Managing Editor. The Council 
also authorized payment of the usual expenses for 
running the Treasurer’s and Secretary’s offices 
and voted to appropriate from the treasury' a sum 
of SI .00 per member to the Federation to pay' for 
publication of the Proceedings. 

The Council also authorized the President to 
appoint a Committee to make recommendations 
on revising the By-Laws. 
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The afternoon session was devoted to the 
Society’s Committee on National Defense. Tlie 
Council authorized tlio Committee to make a 
survey of the present activities of members and to 
take such steps as were found practicable to iiw 
crease if possible participation in the war effort. 

Deceased Afembers (ns of April 2S, 1943): Ross A. 
Gortner, September 30, 1942; Lawrence J. Hender- 
son, February 10, 1942; Arthur D. Hirschfelder. 
October 11, 1942; Ondess L. Inman, July 21, 1942; 


Laurence S. Moyer, June S, 1942; L. Pincussen, 
November 30, 1941. 

Arnold Kent Balls 
Secretary 

(The Council of the American Society of Bio- 
logical Chemists held a meeting May 11 and 12, 
1944, The Secretary’s report of the business 
transacted was not available in time for publica- 
tion in this (June) issue of the Federation 
Proceedings. — Ed.] 


THE AMERICAN SOCIETY FOR PHARMACOLOGY AND 
EXPERIMENTAL THERAPEUTICS, INC. 


ABSTRACT OF COUNCIL PROCEEDINGS, 
1942-13 

April 194S; The President appointed Drs. George 
B. Wallace and N. B. Dreyer, as representatives 
from The Society, to the Council of the American 
Association for the Advancement of Science and 
the Association of American Biological Societies. 

July-Ocloher 19^3 : Because of war conditions 
and especially because of advice received by the 
Federation from Mr. Eastman, Director of Trans- 
portation, the question of holding the 1943 annual 
meeting was re-considered. In this connection, the 
Secretary wrote on two occasions to Mr. Eastman 
without receiving an answer. The Council voted 4 
to 2 in favor of postponing the Cleveland meeting. 
Later the Federation Executive Council voted 10 
to 2 for postponment. 

August 1943: Dr. K. K. Chen, for the Eli Lilly 
Co., offered The Society a SIOOO.OO prize, yearly, 
for a period of three j’ears. This prize, to be called 
“The John J. Abel Prize” is to be given to the 
member of The Society presenting “the most 
meritorious pharmacological research” at the 
Annual Meeting. With the prize, is to be given a 
gold medal, inscribed, “given by the Eli Lilly 
Company.” 

This generous offer was accepted bj' the Council. 

During the ne.xt few months the Council studied 
methods of awarding the prize but was unable to 
arrir’e at a satisfactory solution. It was therefore 
decided that the method of awarding this prize be 
decided by the members at the next Annual 
^•leetvng. 

January 194S: In lieu of an Annual Meeting 
abstracts were collected and published in the 
Federation Proceedings. 

April 194S: The Council voted to approve the 
request of the Tre.asurer, Dr. Nelson, to close the 
books. 

The books were audited by Drs. Chapman 
Reynolds and Gerhard Katz. 


Deceased Members; Brown, Wade Hampton, 
Aug. 4, 1942; Cohen, Seymour J., June 11, 1942; 
Crile, George W,, Jan. 7, 1943; Hirschfelder, 
Arthur D., Oct. 11, 1942; Walton, D. C., Mar. 6, 
1942. 

Rat.mo.vd N. Bieter 
Secretary 

ABSTRACT OF COUNCIL PROCEEDINGS, 
1943-44 

The officers and committees elected at the 
Boston Meeting in 1942 were continued over into 
this year, in the absence of an Annual Meeting. 

Alarj 194S: Dr. Carl Schmidt asked to be relieved 
of his position of Editor in Chief of The Journal 
of Pharmacology and Experimental Therapeutics. 
His resignation was accepted by the Council. 

Dr. George B. Wallace was elected to the posi- 
tion of Editor in Chief of The Journal by the 
Council, on a year to year basis. Dr. Wallace 
accepted the position. 

August 1943: The Treasurer, Dr. Nelson, recom- 
mended that the dues for 1943-44 be S2.00. The 
Council voted to approve this recommendation. 

September 1943: The Federation E.xecutive Com- 
mittee voted not to hold an annual meeting in 
1944 by a vote of 9 to 2. 

October 1943; The Treasurer, Dr. Nelson, was 
instructed to send Dr. Hooker, Federation Secre- 
tary-Treasurer, a cheek for S283. (SI per member) 
for the Federation Proceedings. 

December I94S: Professor P. R. Winton, Acting 
Secretary of the British Pharmacological Society, 
wrote that Professor J. A. Gunn wished to retire 
as their representative on the Editorial Board of 
The Journal of Pharmacology and Experimental 
Therapeutics, and it was suggested that Professor 
J. H. Gaddum succeed him. 

The Council voted to accept the resignation of 
Professor Gunn and to approve the appointment 
of Professor Gaddum. The Council furthermore 
voted to instruct the President to send a letter of 
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appreciation to Professor Gunn for his long and 
valuable service on the Editorial Board of The 
Journal. 

The vote of the Council to hold the Annual 
Meeting in Cleveland in 1945 was a tie, three for 
and three against. The Federation Executive 
Council voted 10 to 3 in favor of holding this 
meeting. 

The Council voted not to arrange a Symposium 
in manuscript form for 1944. 

The Council voted to arrange a bA^-mail election 
of officers and new members in the spring of 
1944. 

January 1944: In lieu of an annual meeting, 
abstracts were collected and published in the 
Federation Proceedings. 

Jamiary-March 1944: The Council voted to hold 
a Council Meeting in Baltimore, to notify the 
members of this meeting and to request proposals 
for membership, and to invite the Membership 
Committee and the Chairman of the Nominating 
Committee. The date of the meeting was set for 
April 19-20 at Hotel Stafford. Notices concerning 
these activities were sent to the members on 
January 1, and March 22, 1944. 

March 1944; The National Research Council 
notified the Secretary that the term of Dr. E. K. 
Marshall, Jr., The Society’s representative to the 
Division of Medical Sciences expires June 30, 1944. 
The name of the new representative was requested 
by April 1st. The Council voted to elect Dr. E. M. 
K. Gelling as The Society’s representative, and so 
notified the National Research Council. 

ABSTRACT OF COUNCIL MEETING, 
APRIL 19-20, 1944 

The meeting was called to order by the President 
in the Hotel Stafford, Baltimore, Md. at 9:30 
A.M. Those present were: E. K. Marshall, Jr., 
President; C. A. Dragstedt, Vice-President; E. e! 
Nelson, Treasurer; McKeen Cattell, Councilor; 
Ralph G. Smith, Councilor; Harry Gold, Chair- 
man, Membership Committee; il. H. Seevers, 
"Membership Committee; H. B. Haag, Membership 
Committee; H. O. Calvery, Chairman, Nominat- 
ing Committee; Raymond N. Bieter, Secretary. 

The reading of the Minutes was dispensed with 
since they were approved by last year’s Council. 

The Secretary read the abstracts of the Council 
Proceedings for 1942-43 and 1943-44. These were 
approved for publication in the Federation Pro- 
ceedings together with this abstract of the Council 
Meeting. 

Reports received, read and accepted. In each in- 
stance it was also voted to instruct the Secretary 
to file the complete reports. 

1. Report of Dr. N. B. Dreyer, Society Repre- 
sentative, on the meeting of the Union of Ameri- 


can Biological Societies in February 1943 in 
Philadelphia. 

2. Report of Journal Editors: that of Dr. Carl 
F. Schmidt covered the period, March 28, 1942 to 
June 30, 1943, and that of Dr. George B. Wallace 
covered the period, .luly 1, 1943 to April 1, 1944. 

3. Report of the Treasurer, Dr. E. E. Nelson. 
The President appointed Drs. M. H. Seevers and 
Herbert 0. Calvery auditors. The auditors ap- 
proved the report. 

Dr. Nelson moved that the dues for the coming 
year be .S3.00. This was approved. 

Dr. Nelson moved it be recommended to The 
Society that The Society pay, at least in part, the 
expenses of the Treasurer to the Annual Meeting 
because the Treasurer holds office for a number of 
years, thus necessitating his presence at every 
meeting whether he can afford it or not. This was 
approved. 

4. Report of the Nominating Committee, sub- 
mitted by the Chairman, Dr. Herbert 0. Calvery. 
The Council approved a ballot to be submitted to 
the members by mail. 

5. Report of the Membership Committee, sub- 
mitted by Dr. Harry Gold, Chairman, and Drs. 
M. I. Seevers and Harvej' Haag. As a result of the 
joint meeting of the Membership Committee and 
the Council, a list of 33 names will be submitted 
to the members of The Society. This ballot, to be 
submitted by mail, was approved by the Council. 

On September 20, 1943, Dr. Chauncey D. Leake 
wrote to the Secretary requesting that the Council 
consider the question of union of The Society for 
Experimental Biolog)' and Medicine and The 
Federation. After considerable discussion the 
Council voted not to recommend this to The 
Federation Executive Committee because of the 
differences in character and purpose of the two 
societies. 

On February 17, 1944, Drs. Robert A. Woodbury 
and Benedict E. Abreu wrote to the Secretary 
requesting that the Council consider the question 
of encouraging Edwards Brothers, Ann Arbor, 
Michigan, to prepare a preprint of Heffter’s Hand- 
buch der Experimentellen Pharmakologie under 
the jurisdiction of the Alien Property Custodian. 
The Council voted to approve this recommenda- 
tion and to call the attention of all members to 
this action. 

Deceased Members: Barbour, Henry Gray, Sept. 
23, 1943; Bullowa, J. G. M., Nov. 9, 1943; Coombs, 
Helen C., Mar. 4, 1944; Ets, Harold N., June 25, 
1943; Hatcher, Robert A., April 1, 1944; Hender- 
son, Yandell, Feb. 18, 1944; Koller, Carl, Mar. 21, 
1944; Salant, William, Dec. 10, 1943; Wallace, 
Edward W., July H, ]94i 

R.w.mond N. BiETEn- 
Secretary 
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THE AMERICAN SOCIETY FOR 

INTERIM REPORT OF THE SECRETARY 
(March SI, 1944) 

Orncr.Rs and Committees 

Prcsidcni: Balouik Lvcke, University of Penn- 
sylvania, Pliiladelpliia, Pennsylvania. 

1Tce Prcskknl: Paue R. Cannon, University of 
Chicago, Chicago, Illinois. 

Secretary-Treasurer: H. P. Smith, State Univer- 
sity of Iowa, Iowa City, Iowa . ^ 

Councilors: Douglas H. Sprunt, Duke Uni- 
versity, Durham, N. C.; Frieda S. Robscheit- 
Robbins, University of Rochester, Rochester, 

N. y. 

Rcprcscnialircs on the Council of the Aniericnn 
Association for the Advancement of Scicitcc: Mal- 
colm H. Socle, University of Michigan; E. B. 
Krcmbhaar, University of Pennsyivania. 

Representative on the Council of the Cmon of 
American Biological Societies' Morton AIc- 
Cctcheon, University of Pennsylvania. 

Representative on the Eli Lilly Award Committee 
(Jointly with Society of American Bacteriol- 
ogists): For Nominations: Doctor Morton 
McCdtcheon, University of Pennsylvania; For 
Aivard: Doctor Shield.s Warren, Harvard 
University. 

The last regular meeting of this Society was held 
in Boston, April 1-3, 1942. Tiie meetings scheduled 
for the Spring of 1913 and for the Spring of 1914 
' were cancelled because of the M ar and the attend- 
ant difBculties in securing transportation and 
hotel accommodations. In order to carry on the 
reduced functions of the Society, the following 
question ivas sent to all members of the Society: 
“Shall the present members of the Council be 


EXPERIMENTAL PATHOLOGY 

authorized to bold office for the period of the 
emergency?” The vote was 209 to 5 in favor of the 
proposal. 

The Council then considered the advisability 
of holding a series of small regional meetings in 
order to provide an opportunity for discussion of 
current papers and problems. It was recognized, 
however, that a very large percentage of our 
members are directly concerned in the war effort 
and that regional meetings would probably not 
be very successful. It was decided, therefore, to 
defer action on this proposal. 

In accord with the policy of the Federation, 
members of this Society contributed short ab- 
stracts of current work for publication during 
1943 and 1944 in the Federation Proceedings. 

No additional members have been elected to the 
Society since the last regular business meeting. 
Several nominations have been received. Con- 
sideration is being given these cases by the 
Council. 

The total membership as of March 21, 1944 was 
296. Resignations of Doctors .lohn F. Anderson, 
Stuart Graves and J. E. Sweet liave been received 
and accepted by the Council. The Council notes 
with regret the death of the following members: 
Dr. Wade H. Brown, August 4, 1942; Dr. Andrew 
Watson Sellards, December 1, 1942; Dr. H. Gideon 
Wells, April 26, 1943; Dr. Carl Wesley Apfelbach, 
June 25, 1943; Dr. Karl Landsteiner, June 26, 1943; 
Dr. Leslie T. Webster, July 12, 1943. 

The records of the Treasurer shoiv receipts of 
SS50.4S and disbursements of S7SS.93 during the 
period of this report. Total cash on hand, March 
31, 1944 ivas .S147S.12. 

H. P. Smith, M.D. 

Secretary-Treasurer 


AMERICAN INSTITUTE OF NUTRITION 


RESUME OP THE COUNCIL MEETING, 
MARCH 27, 1944 

In the absence of a regular meeting of the 
Institute, the Council met in special session in 
Detroit on March 27, 1944. 

Note was taken of the death of two members of 
the Institute during the past year, namely. Dr. 
Russell H. Chittenden and Dr. L. S. Palmer. 

After extended discussion, the Council decided 
that due action should be instituted regarding 
changes in the By-Laws with respect to the 
limitation of the number of members and also as 
regards Emeritus membership. 


The folloM'ing were approved for election to 
membership: R. H. Barnes, J. P. Chandler, G. K. 
Davis, A. H. Free, Jean E. Haivks, D. M. Heg- 
stedt, Gladys M. Kinsman, J. K. Loosli, L. W. 
McElroy, W. A. Perlzweig, Thelma Porter, V. P. 
Sydenstrieker, M. W. Taylor, A. DeM. Welch. 

The Editor of the Journal reported that: During 
the year 1943 volumes 25 and 26 of the Journal of 
Nutrition were published; they contained 121 
papers. There were submitted for publication 
during the year 176 articles. The average number 
of papers printed per issue in volumes 25 and-T* 
(including in the calculation the pages ne ^ 
the inde.v) was 10,9, which represented 
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improvement over the preceding year and ap- 
proximated very well the 10 which the editorial 
policy strives for. 

During the year a combination of circumstances 
operated to cause a delay in appearance of various 
issues. The Federal Government has established a 
system of censorship of scientific publications. 
Loss of key trained personnel from the printing 
shop was another contributing factor; this made 
it necessary for Wistar Institute to undertake to 
train many new people. As a result of the various 
efforts made, the delay in appearance of issues has 
been steadily decreasing. If no further complica- 
tions arise, it is reasonable to expect that some 
time during 1944 issues will begin to appear in 
accordance with the usual schedule. 

On January 15, 1944, the War Production Board 
issued its paper limitation order restricting the 
allowance of paper to 85 per cent of that used in 
1943. Because of this it became necessary to 
increase the amount of printed material per page. 
This was easily accomplished by reducing the size 
of the margins. The binding size of the Journal 
was not changed. The February, 1944, issue was 
the first to be printed with this new format. 

The five-year term of the Editor expired during 
the spring of 1944. The Editorial Board therefore 
conducted an election and re-elected the Editor 
for another term. 

The Council expressed appreciation of the satis- 
factory way in which the Journal had been man- 
aged by the Editor and Associate Editors. 

The Secretary reported that the appropriate 
committee of Judges had selected Dr. A. G. Hogan 
as recipient for the Mead, Johnson & Co. Vitamin 
B Complex Award and Dr. E. V. AIcCollum for the 
Borden Award. In this connection, the decision 


was reached that henceforth the anonymity of 
Committees of Judges of all awards given under 
the auspices of the American Institute of Nutri- 
tion be permanently preserved. 

The Treasurer’s report, audited by Drs. F. S. 
Daft and G. J. Cox, was presented. As of March 1, 
1944, there was a cash balance of S803.04 which 
sum includes a balance of S87.14 from funds 
deposited with the Institute by Nutrition Ab- 
stracts and Reviews for expenses incident to the 
work of the American Editor. There was an over- 
all gain of 873.40 in the past year. 

The dues for 1944-45 were fixed at $2.00 per 
member arid it was recommended that 81.00 per 
member be paid from the Treasury for support of 
Federation Proceedings. The Council voted 825.00 
for the past 5 ’’ear secretarial assistance for the 
Treasurer and 825.00 each for the Secretary and 
Treasurer for the same purpose for the coming 
year. The Council acted to approve a grant of 
810.00 from the Treasury in support of the Place- 
ment Service of the Federation. 

President Lewis appointed the following Nomi- 
nating Committee for' 1944-45: Drs. H. A. 
Mattill, Chairman, N. B. Guerbant, A. G. 
Hogax, F. J. Stare and Jet C. Winters. > 

Dr. L. A. Maynard was reappointed as represen- 
tative of the Institute of Nutrition to the Division 
of Biology and Agriculture of the National 
Research Council. 

-Action on the invitation to join the Union of 
American Biological Societies was deferred by 
the Council until the subject could be discussed 
in open meeting. 

Arthur H. Smith 
SecrelaTH 


SYMPOSimi ON SUBSTITUTES FOR ANIMAL PROTEIN IN NUTRITION 

INTRODUCTION AND DISCUSSION OF THE AMINO ACID 
COMPOSITION OF PLANT SEEDS 

HUBERT BRADFORD VICKERY, Chairman 
Conncclicul Agricultural Experiment Station, New Haven, Conn. 


The use of plant seeds as food is one of the most 
ancient as well as one of the most universal prac- 
tices of mankind. -Although innumerable kinds of 
seeds find their way into tiie luiman diet, the most 
extensive use is made of two great classes of plants, 
the cereal grains of the grass family on the one 
hand and the legumes on the other. Wheat, rye, 
barley, oats, corn and rice make up the greater 
part of the commonly used seeds of the one class; 
and the balance of the veget.able protein that is 


consumed is furnished by the beans, peas, lentilsi 
and especially in the Orient but increasingly m 
-America by the soy beans. Together, these kin s 
of seeds form the basis of the diets of the greater 
part of humanitj'. 

Under the conditions of relative plenty tha 
exist in the United States, it is rare that reliance 
is placed for any protracted length of time upon a 
diet that consists of a single kind of seed. Expen 
cnee and instinct alike dictate that more or c-S 
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variety be introduced. Deficiencies in one or 
another dietary essential are therefore in general 
compensated, and pronounced symptoms of defi- 
ciency diseases are seldom enooimtorcd. At the 
present time, however, there arc restrictions upon 
the free choice of dietary components and, for 
economic as well as strategic reasons, substitu- 
tions among foodstuffs have become essential. 

It is the purpose of the present symposium to 
consider certain aspects of the dietary problems 
that arc thus raised, and to show, in so far as this is 
possible, that substitution if wisely made in itself 
involves 'no necessary dietary risk despite the 
violence it may do to personal tastes and habits. 

'It is traditional in this country to include in the 
dieta large proportion of proteins of animal origin. 
According to estimates recently made (1), meat, 
dairy products, eggs and poultry have together 
furnished from 52 to 57 per cent of tlio average 
protein intake, the grains from 2S to 37 per cent, 
and fish between 2 and 3 per cent . This distribution 
is the result of a complex of economic conditions 
and food habits; in the present war emergency 
some modification is inevitable. 

Because of the prospective shortage in the pro- 
duction of animal proteins and of the increased 
demands upon American sources of these proteins 
by our allies, this modification must take the 
direction of an increase in the proportion of pro- 
teins of vegetable origin used in the average diet. 
Surveys of the situation made under the auspices 
of the Food and Nutrition Board of the National 
Research Council have indicated that only a 
limited number of vegetable foodstuffs need be 
considered in any large scale program of substitu- 
tion. Soy beans, peanuts, wheat germs, corn germs, 
and the so-called food yeasts ore the chief products 
that are being, or can be, made available in the 
large quantities that are necessarily involved, and 
attention is therefore restricted in this symposium 
to the proteins of these materials. 

E.xperience with a number of purified proteins 
from animal sources has shown them to contain all 
of the amino acid components that are required for 
growth, for maintenance in health, and for repro- 
duction, if fed to animals at certain levels of intake 
in otherwise adequate diets. An estimate of the 
adequacy of some other protein, or protein-rich 
foodstuff, may therefore be made in terms of one 
or other of the better-known proteins employed 
as a standard. Casein or lactalbumin has fre- 
quently been used’for this purpose where emphasis 
has been placed upon freedom from non-protein 
components in the standard material. Otherwise 
such materials as whole egg-white protein, or meat 
protein have been employed . 

For this type of comparison, isolation of the pure 
proteins from the material under e.xamination is 
not essential. In the case of a plant seed, it suffices 


to compare the nutritive effect of the whole seed 
meal or protein concentrate therefrom with the 
arbitrarily chosen standard in properly designed 
feeding experiments. The results of numerous tests 
of this typo upon the nutritive effect of soy beans 
and of peanuts are described in the paper by Jones, 
together with tests of the supplementary effect of 
these materials upon the proteins of w’heat. 
Analogous experiments upon the nutritive effects 
of the germs of wheat and of corn are reviewed by 
Stare and Hegsted. 

-■Vlthough large amounts of yeast are produced 
and used for animal feeds in this country, the 
quantities that find their way into human food are 
not great. Nevertheless, yeast, and especially the 
newly developed varieties of Torula yeasts appear 
to offer important possibilities as food for man. 
The present situation with respect to the use of 
yeast as human food is reviewed in the paper of 
Carter and Phillips. In the final paper McCay 
discusses, from the point of view of one concerned 
with the feeding of men in the armed forces, the 
general problem of the enrichment of bread and 
other bakers’ products with protein of superior 
nutritive value. 

Direct comparison of one foodstuff with another 
is not, however, the only way in which an estimate 
of values in nutrition can be made. If accurate 
information on the amino acid composition of a 
vegetable foodstuff can be secured, it becomes 
possible to make an estimate of its absolute value 
as a source of food protein. Some of the factors 
involved in the solution of this difficult problem 
are discussed in the following paper. 

ON THE AMINO ACID COMPOSITION OF PLANT SEEDS 

The adequacy or inadequacy of a given protein 
to promote the growth of j'oung animals or to 
maintain fully grown animals in nitrogen equi- 
librium has been shown to depend on the composi- 
tion of the protein with respect to the amino acids 
that it yields. Even if only one of the ten amino 
acids known to be essential (2) is supplied in less 
than optimal quantities, nutritive failure results. 
Accordingly the problem of the substitution of one 
protein for another in the diet can be reduced to 
the question of the relative composition with 
respect to these amino acids. If this composition is 
known, one can predict with some assurance the 
levels at which the two proteins will give essen- 
tiallj' the same dutritive effect. Furthermore, in 
those cases where there is a marked deficiency in 
one or more amino acids, it becomes possible to 
select supplementarj' proteins rich in the particu- 
lar amino acids and to correct the deficiencies. 
Knowledge of the amino acid composition both of 
the standard proteins or protein foodstuffs and of 
the products to be considered as partial or com- 
plete substitutes for them is therefore essential to 
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an intelligent selection of the components of a 
mixed protein diet.^ 

It is the purpose of the present discussion to 
point out some of the difficulties that arise when 
complete and accurate information is required 
upon the amino acid composition of the vegetable 
products that are being advocated as partial 
substitutes for the better known proteins of 
animal origin in the human diet. These difficulties 
are of two kinds; the purely technical ones that 
, arise from the inadequacies in analytical methods, 
and the far more serious ones that have to do with 
the selection, preparation and purification of the 
protein material that is to be subjected to analysis. 

The situation with respect to analytical methods 
for the determination of the amino acids essential 
in nutrition has been enormously improved within 
the past three years. A survey made a few years 
ago (7) suggested that of the ten amino acids con- 
cerned, only five (tryptophane, methionine, argi- 
nine, histidine, and lysine) could be conveniently 
determined with a satisfactory degree of accuracy. 
As a I'esult of recent increase in interest in amino 
acid chemistry as well as in nutrition, it is prob- 
able that today data upon all ten essential amino 
acids can be readily secured with an accuracy 
adequate for most practical purposes and with 
only a moderate expenditure of time and material. 

The vital problem of the determination of 
threonine has been solved by the publication of 
the beautiful method of Shinn and Nicolet (S) 

1 It should be emphasized that these statements 
are based upon growth and nitrogen equilibrium 
studies conducted with animals. With respect to 
the situation in human nutrition, Rosei (3, 4) has 
recently shown, 1) that the twelve amino acids 
previously demonstrated to be dispensable for 
rats and dogs in growth experiments are likewdse 
dispensable for the maintenance of nitrogen equi- 
librium in man for a period of S days; 2) that a 
mixture of the ten amino acids previously shown to 
be indispensable for the growth of rats adequately 
maintains nitrogen equilibrium in man for S days; 
3) that valine, methionine, threonine, leucine, iso- 
leucine and phenylalanine are necessary constit- 
uents of the diet of man; and 4) that histidine is 
not necessary for the maintenance of nitrogen 
equilibrium in human subjects at least for a short 
period of time. Holt and his associates (5) have 
presented evidence that tryptophane and lysine 
arc ncccssarj' to maintain nitrogen equilibrium in 
man and that a temporary deficiency of arginine, 
although it does not result in a negative nitrogen 
balance, gives rise to a reduction in the number of 
spermatozoa. !More recently (6) they have reported 
that methionine is also essential for the preserva- 
tion of nitrogen equilibrium in man but that trials 
with cystine led to inconclusive results. 


which has now been widely applied to proteins 
important in nutrition (9) . 

The baffling question of the separate determina- 
tion of valine, leucine, and isoleucine seems now- 
on the point of being finally answered. These three 
mono-amino acids have long presented almost 
insuperable difficulties. The data secured by the 
early investigators, who of necessity employed the 
Fischer ester distillation method, provided sound 
qualitative information with respect to valine and 
to the mixture of the two leucines, but there could 
be no assurance of the quantitative accuracy. 
However, minimal levels were established for a 
number of important proteins and these served 
many practical requirements pending the develop- 
ment of more accurate methods. The publication, 
during the past year, of a series of papers (10, 11, 
12, 13, 14) in which microbiological methods for the 
separate determination of valine, leucine, and iso- 
leucine are described has placed the analytical 
chemistry of these substances upon an entirely 
new footing. Although the solubility product 
method of Bergmann and his associates (15), as 
well as the isotope dilution method of Rittenberg 
and Foster (16, 17), have been employed for the 
determination of leucine, neither method has as 
yet been -w-idely applied. Accordingly, although 
data by these highly accurate methods are greatly 
to be desired to establish the leucine content of at 
least a few important proteins in order to provide 
controls upon the accuracy of other procedures for 
the determination of leucine, the new microbiologi- 
cal methods are particularly welcome inasmuch as 
they render it possible to determine all three 
amino acids independently'. .'\.ll of the difficulties of 
these methods do not ymt seem to have been sur- 
mounted since the agreement among the different 
■workers in the field still leaves something to be 
desired. Nevertheless there is little doubt that, 
within a relatively short time, information on the 
composition of many' proteins with respect to these 
substances will have become available. 

The determination of pheny'lalanine still re- 
mains somewhat of a problem. A colorimetric 
method was described some years ago by Kapeller- 
Adler (18) which has been extensively used by 
Block both in its original form and in a modifica- 
tion (19), but neither the solubility product 
method nor the isotope dilution method has yet 
been adapted to this purpose, and thus the neccs 
sary' data to serve as evidence of the accuracy o 
the much more convenient colorimetric method are 
still lacking. “ On the other hand, Gordon, Martin 
and Synp (20) have recently described a methot 
of partition chromatography for the separation o 

= There is little doubt that a microbiological 
method will shortly be developed. An attempt to 
do this has already been made by Hegsted (13). 
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the mono-amiuo acid components of protein 
hydrolysates which appears to hold considerable 
promise, especially for the determination of 
phenylalanine. Again, however, too few data by 
this new method have yet been accumulated to 
serve ns a control on other procedures. 

■ It would appear, from what has been said, that 
the accurate determination of the amino acids of 
greatest significance in nutrition is todaj’a problem 
to which a moderately satisfactory answer can be 
given. The situation is quite different with the 
application of the analytical methods to the vege- 
table products now becoming of greatest signifi- 
cance as substitutes for animal proteins in the 
human diet. 

What is needed is a statement of the amino acid 
composition of the total protein of these vegetable 
products. What is to be found in the literature are 
more or less incomplete and seldom entirelj’ trust- 
worthy tables of the composition of purified 
samples of the chief protein components. What is 
usually entirely lacking is accurate information 
upon the ratio of the quantity of the protein 
components that have been analyzed either to the 
total protein or to the weight of the seed itself. 
Furthermore there is practically no information 
whatever available regarding the composition or 
the relative quantity present of the subsidiary or 
minor proteins of these foodstuffs. 

The opinion appears to be widely held that all 
that is required is tp subject samples of the food- 
stuff directly to hydrolysis for the liberation of the 
amino acids and to carry out the specific analytical 
procedures upon the solution that is thereby se- 
cured. Purification of the material by extraction 
with fat solvents would doubtless be generally 
recognized to be desirable, but separation of the 
proteins themselves from the other components as 
a prerequisite to analysis is not at all universally 
considered to be essential. 

The issue is really one of the degree of accuracy 
that is needed for practical application of the 
results of amino acid analysis to the problems of 
nutrition. If all that is wanted is a demonstration 
that the proportion of one or more of the essential 
amino acids present is greater than a certain 
minimal proportion related to the level at which 
this amino acid must be fed in order that it shall 
not become the limiting factor in growth, then it is 
true that analysis of the impure protein con- 
centrate or of the fat-free meal might provide 
adequate information. However, in the event that 
the particular amino acid were present normally at 
so low a level that the losses that are experienced 
during hydrolysis of the crude protein preparation 
remove a significant part of it, the information 
obtained might well lead to a misapprehension 
of the nutritive value of the material under 
consideration. 


Most vegetable products employed as foodstuffs 
contain, in addition to protein, a large proportion 
of starch, cellulose, complicated compounds that 
yield iironic acids on hydrolj’sis, and a wide 
variety of allied substances that may be summed 
up under the general term carbohydrates. When 
proteins are subjected to acid hydrolysis in the 
presence of carbohydrates, a considerable propor- 
tion of the nitrogen of the protein is found in the 
hydrolysate in the form of a black insoluble prod- 
uct known as humin. It has long been known that 
the whole of the nitrogen originally present as 
tryptophane is found in the humin fraction even 
when highly purified samples of protein are hy- 
drolyzed with acid, but the origin of the larger 
proportions of humin nitrogen that are obtained 
when impure samples of protein are hydrolyzed is 
still unknown. The presence of sulfur in such 
humin (21) leads to the inference that cystine and 
methionine are in part destroyed, but which of 
the other amino acids also contribute and to what 
extent is still for the most part a matter of specula- 
tion. Some information on the point is given in 
recent e.xperiments of Kuiken and his associates 
(10) who have demonstrated small but significant 
losses of valine, leucine, and isoleucine when 
casein is hydrolyzed in the presence of carbo- 
hydrates. One may therefore infer that these 
essential amino acids can under such conditions 
also contribute to the formation of humin. Thus 
more or less grave losses of at least five of the ten 
essential amino acids are known to be a possibility 
when impure specimens of protein are subjected to 
acid hydrolysis, and it is obvious that the accurate 
analysis of so crude a mixture as a seed meal 
offers difficulties that hitherto have not been 
surmounted. 

The isolation of the protein components in a 
state of purity and the analysis of these is an alter- 
native solution of the problem. This was the ap- 
proach in the classical work of Osborne and 
Mendel and, in spite of the amazing development 
of the field of nutrition since that time, little in the 
way of improvement over their fundamental 
principle has been suggested. It is especially 
unfortunate, therefore, that research upon the 
isolation and purification of vegetable proteins has 
not kept pace with the progress in the techniques 
of amino acid analysis nor with the advances in 
many other branches of protein chemistry. At the 
risk of placing tedious emphasis upon facts so 
elementary as to be obvious, it may therefore be 
permissible to discuss briefly the problems pre- 
sented by the isolation of the protein components 
of plant seeds in such a degree of purity that 
analyses of real value to the student of nutrition 
maj’ be secured. 

Plant seeds in general contain one or two, or 
sometimes several main proteins that represent 
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the reserve material upon which the jmung plant 
relies for its supplj' of nitrogenous nutriment 
during the earliest stage of growth. In the cereal 
grains, this protein is laid down in solid form in the 
cells of the endosperm where it is usually accom- 
panied by more or less starch which is likewise 
stored as a source of nutriment. In the legumes, 
the protein is found often in definite granules in 
the cells of the two cotyledons together with some 
starch, but usually an appreciable proportion of 
fat is present in addition. The storage proteins of 
seeds are characterized by a considerable degree of 
chemical stability and they are not usually sup- 
posed to share in the vital processes of the cells in 
the way that the protoplasmic and enzyme pro- 
teins of living cells do. 

Seeds also contain a small structure known as 
the embryo which develops, when the seed is 
supplied with moisture and oxygen at the correct 
temperature, into a hypocotyl which carries at its 
upper end the first embryonic leaf or leaves, and 
the lower portions of which become differentiated 
into stem and root tissue. The seed is thus a 
complex structure anatomically and contains 
»iany different kinds of cells each of which has its 
own functions and, accordingly, each of which has 
its own characteristic chemical composition. 

Obviously many different kinds of protein must 
be present besides the main or storage proteins 
hat are usually thought of when seed proteins are 
lentioned. It is futile, in the present state of our 
.. owledge, to attempt to list the several kinds. 
However, the endosperm or cotyledon tissue must 
contain, in addition to the storage proteins, the 
proteolytic enzymes, themselves proteins, which 
render the storage proteins soluble at the time of 
sprouting, together with the enzymes required to 
convert the starch, fat, and other components into 
water-soluble substances that can be translocated 
into the tissue of the growing embryo and there 
reorganized into new components or otherwise 
utilized. The embryo tissue, in turn, must contain 
the equipment of enzymes’ necessary for the usual 
functions of the living cell; those required for 
respiration, for specific synthetic processes andso 
forth, together with the proteins of the proto- 
plasm. Clearly, therefore, the mixture of indi- 
vidual proteins that is obtained when plant seeds 
are ground and extracted with suitable solvents 
must be far from simple. 

The classical approach to the problem of the 
isolation of the proteins of seeds is, first, to devise 
conditions with respect to the temperature, ionic 
strength, hydrogen-ion activity and nature of the 


’ Horvath (22) lists amylases, diastases, pro- 
teases, lipases, urease, uricase, oxidases, and 
peroxidases as having been detected in soy beans 
and gives references to the literature. 


solvent under w'hich as much as possible of the 
nitrogen of the seed meal can be brought into 
solution. After clarification of the solution, the 
physical conditions are then so modified that as 
much as possible of the protein separates as a solid 
phase. Subsequently fractionation of the product 
is attempted, again by suitable modification of the 
physical conditions of the solution, and chemical 
analysis of the fractions obtained is relied upon to 
characterize them. Where differences in physical or 
chemical properties of the fractions can be estab- 
lished, the conclusion is drawn that different indi- 
vidual substances have been more or less com- 
pletely separated from each other. Where the 
successive fractions do not differ significantly in 
properties, the tentative conclusion is drawn that 
they represent the same substance. If, by repeti- 
tion of the preparation with as many modifications 
of the method as conditions allow, a product of 
the same physical and chemical properties is 
invariably secured, there is some justification in 
concluding that a specific and characteristic 
protein component of the seed has been obtained. 

.4s a rule, an investigation of this type results in 
the isolation of one or more fairly well character- 
ized preparations that represent the larger part 
of the total protein of the seed as indicated by 
nitrogen analj'sis, together with minor quantities 
of less clearly defined material. It is commonly 
assumed that the protein or proteins present in 
dominant proportion represent the reserve or 
storage protein of the seeds. However, save in the 
early work of Osborne, little attention has usually 
been given to the fractions that are obtained in 
only small yield. It is clear, from the considera- 
tions discussed above, that preparations of the 
proteins present in minor proportion can scarcely 
be expected to represent homogeneous material 
unless special techniques are employed, as for 
example in Sumner’s isolation of crj'stalline urease 
from jack bean meal (23). The interest has usually 
been in the protein or proteins present in large 
proportion, and it is this part alone that has 
ordinarily been studied with respect to amino 
acid content, physical properties and nutritive 
effect. Furthermore, because of the special interest 
in accuracy of characterization, emphasis has 
customarily been placed upon purification at the 
expense of yield. 

-4s a result, only a few of the studies of seed 
proteins that have followed the classical pattern, 
including even those of Osborne himself, contain 
satisfactory information on the relative propor- 
tions of the main protein components that arc 
present, and still less information is available 
regarding either the composition or the relative 
proportions of the less well characterized minor 
components. Nevertheless it may frequently he 
true that the composition of the minor proteins is 



PEDERATIO?: PROCEEDINGS 


115 


such that they serve to supplement the nutritive 
effect of the main protein with respect to one or 
more amino acids in which this protein is deficient. 
Examples of exactly this type of supplementary 
effect arc known, the details of the case of arachin 
and conarachin, the main and one of the minor 
proteins of the peanut, being given in the follow- 
ing paper by Jones. 

Quantitative isolation of the main proteins in a 
state of purity, as well as of the fractions that 
represent the subsidiary proteins, is indeed the 
ideal towards which' research in this field should 
strive, but it is not an indispensable step in the 
process of obtaining information on the true amino 
acid composition of vegetable foodstuffs. For 
many practical purposes it would suffice if prepa- 
rations that represent accurately the whole protein 
of the product could be secured, provided that 
these preparations can be rendered so free from 
non-protein contaminants tliat the huniin formed 
during acid hydrolysis includes only a trui}' 
negligible proportion of the nitrogen. This prob- 
lem has not, as yet, been adequately solved 
although there are techniques known today that 
would appear to render it a promising line of 
attack. A praiseworthy effort to accomplish this 
has indeed been made by Block and Bolling (2i, 25) 


for several of the materials of interest at the 
present time as substitutes for the more widely 
esteemed animal proteins, and an indication of the 
present state of knowledge of these materials is 
given in the following papers. 

Emphasis is placed upon the importance of this 
approach since our present information is un- 
fortimntclj' limited in its scope. It has long been 
conventional to apply newly developed analytical 
methods for amino acids to such well-known ani- 
mal proteins as casein, cgg-albumin, hemoglobin, 
fibrin, or gelatin, and to an occasional vegetable 
protein such as edestin. wheat gliadin, and zein. 
Up to a year or so ago, amino acid analyses of 
preparations of such proteins as wheat or corn 
glutcnin, soy bean or peanut globulins, or of the 
isolated proteins of wheat or corn germs would 
have been regarded as being chiefly of academic 
interest. Toda^' this information is urgently 
needed. Although much can be learned bj' com- 
parative studies of the nutritive effects of whole 
seed meals or of the flours and concentrates pre- 
pared from them, the knowledge so obtained with 
respect to relative supplementary food value 
remains and will remain empirical until accurate 
information concerning the amino acid composi- 
tion of the proteins they contain has been secured. 
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NUTRITIVE VALUE OF SOYBEAN AND PEANUT PROTEINS 

D. BREESE JONES 

Bureau of Human Nutrition and Home Economics, Agricultural Research Administration, 
United States Department of Agriculture, Washington, D. C. 


Soybean proteins. For centuries the soybean has 
been the chief source of protein in the diet of mil- 
lions of people in the Orient. It is only compara- 
tively recently that its value as a source of high 
quality protein has been recognized in the Occi- 
dent. In the United States it was not until the first 
World War that any general interest was mani- 
fested in the soybean as a possible source of high 
quality protein. Until very recently the small 
amount produced was valued chiefly as a source of 
oil, and the by-product, the press cake, was used 
as a feedstuff for farm animals. In a land of plenty, 
where there is an abundance of meat, milk, and 
eggs for all, it is natural that little thought was 
given to other sources of high quality protein, 
especiallj' for human consumption. 

The classical work of Osborne and associates on 
the proteins of the soybean and their nutritive 
value (1, 2, 3, 4, 5, 6) stimulated an increasing 
amount of investigation on the nutritional proper- 
ties of soybean proteins. There is today an exten- 
sive literature bearing almost unanimous testi- 
mony that the pi^oteins of properly processed 
soybeans have a high nutritive value. 

Anticipating a reduced supply of animal proteins 
in the United States during the war emergency, the 
Food and Nutrition Board of the National Re- 
search Council in 1943 passed a resolution recom- 
mending the use for human food of vegetable 
proteins of superior biological value, among which 
soybeans and peanuts were emphasized. Large 
quantities of soybean flour and soybean grits are 
being used by the Army and shipped abroad for 
Lend-Lease supplies. Increasing amounts of soy- 
bean products are also being used in this country 
for civilian consumption. 

The soybean is one of the richest known sources 
of protein among naturally occurring foods, 
ranging, according to variety, from 30 to 45 per 
cent. 

The superior nutritive value of cooked soybean 
protein has been demonstrated by numerous 
investigators by laboratorj' feeding experiments 
with rats (1, 7, S, 9, 10, 11. 12, 13). Tests conducted 
at agricultural experiment stations, as well as the 
extensive use of soybean meal in the practical 
feeding of farm animals, have shown that, in 
general, soybean proteins have a high nutritive 
value. There is evidence, however, that not all 
animals can utilize soybean protein with the same 
degree of efficienc}'. Almquist and co-workers 
working with chicks (14) showed that for this 
species soybean protein is limited by deficiency of 


methionine. Hegsted and Stare (15) at Harvari 
found that although adult dogs could readily h 
kept in nitrogen balance (equilibrium) at a nitro 
gen intake of 2.5 to 3 grams per day when thi 
nitrogen was furnished by the protein of skin 
milk powder, wheat germ or corn germ, they couli 
not, however, be brought into such equilibriun 
when soybean flour or soybean grits furnished thi 
nitrogen at an intake of 2.5, 3 or 3.5 grams per day 

There is considerable amount of evidence tha 
the human species can satisfactorily digest am 
utilize soybean proteins. In one e.xperiment (16) : 
group of 10 adults fed a 20 per cent soybean breai 
as the sole source of protein utilized the nitrogei 
to an extent of'SO per cent. Smith (17) at Wayni 
University', working with human subjects, foun( 
that the protein of autoclaved soybeans, soybeai 
flour, and soy'bean milk had biological values o 
96.5 per cent, 91.7 per cent, and 94.5 per cent, ant 
digestibility' values of 90 per cent^ 93.9 per cen 
and 89.6 per cent, respectively. 

Soybean milk has occupied a prominent place n 
the diet of Orientals for centuries. Tso (18, 19, 20 
has contributed extensive information on th( 
value of soybean milk as a substitute for cowi 
milk. Soybean milk has been used to a limitec 
extent in the United States by infants and adults 
that are allergic to cow’s milk. Clinical observa 
tions (21, 22, 23, 24) have shown that infants car 
grow and thrive for periods of over a year with this 
product as the sole source of protein in their diet 
and that it compares favorably with mammaliar 
milk from the standpoint of availability anc 
biological value of its protein. 

The extensive investigations of Rose and asso^ 
ciates at Illinois have shown that the question o 
protein requirements in nutrition is essentially' r' 
question of amino acid requirements. A proteiij 

lacking in any one of the nutritionally'-essentia 

amino acids in the diet of an animal results la 
nutritional failure, no matter how much is eaten. 
Amino acid requirements of animals, honc'cr 
vary somewhat in different species. Were adequate 
data available on the amino acid content of differ 
ent protein foods, it would be a relatively simp e 
matter to ascertain their comparative protein 
values. However, any attempt at present to cor- 
relate with amino acid composition cither m 
nutritive value of protein or their supplonientn 
value is very unsatisfactory'. Most of the < a ^ 
available on amino acid composition were obt-nme 
on isolated proteins and these values do not repre 
sent the foods as a whole from which the protein 
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Dcfemiinatiou of ry.«tinr. tryptojilianr. .and 
tyrosine (29, 30) in clyriniti. prrp.arrd from 10 
v.ariclie5 of soylirans (IVhinR. lllini. -k. K.. 
M.anchu. Virpinia. Mamtnoth Yellon-. Ual>crl.atidt. 
Durifield, DiYie, and Chiquit.a'. frlcctn) on the 
merit of their 'nide.ipre.ad popuhirity nmone thr 
prouers in the United Ftale.s. siioxved difTerences 
in the content of their amino acid." preatcr tlian 
can well be attributed to c\perimental error in- 
volved in the analytical processes employed. The 
tryptoph-ane values ranped from I S9 per cent for 
the Mammoth Yellow variety to 2 S-! per cent for 
the lllini variety. Thie cy.stine values ranged from 
0.74 per cent for lllini variety to 1.40 per cent for 
the Chiquita variety. The Chiquita and Manchu 
varieties contained significantly higher per- 
centages of cystine than the other varieties. The 

' W, J. Morse of the Bureau of Plant Industry, 
U.S. Department of .\priculturc, brought from the 
Orient samples of soybeans representing about 
2,500 different types and varieties. 


lllini x.uivty xiliirh riiii!,i jnii| (l.i' liir.h'-f per- 
o'lit.ar'' >>f iiypinph.'inc ron.t.ainrd the him it jirr. 
ri-nt.un- of i-y':!i!!c, ,T!id tin' <’biqi|it;i v.ari'lv, 
nhicli w;i' ainon,' <1 i- lourit in t ryptopbntir-, con- 
tair.o.f tb*' !iii;b'‘l pi-rri'iit.Ti;e of ry«(iiir. The 
IVling .and Dixio x'.uii’tlc'' wrir low in both 
ryrtitn’ and tryjttophajic 

\:i itiipof taut roll ■■(■,;, .ration n hen evaluating the 
iiutritixe ptopettiei of the protein of any food i" 
the eMf-ni to « hlrli it can •nppb nient the protein 
v.allle of other foi|iS« t 'oTrepirUoiei: .anioIJg fieel- 
that roniain ['rolein detirient in certain e'-eiitial 
■aniitio aride are the rereal grain". It ba" b'-en 
e'timated for furn.ar fieriod" tli.at about 3'i per 
eriii of the tot.al pro'ein ti«ed for Iniinan cornoimp- 
tion III the United .''Intel xin" ilerived from rere.al 
cr.aine, rbietlv from ube.it (.11). Were the amino 
arid detirietirire of tbi'cha'vof food" correrted bv 
additn'ii to them, in 'iiilable proportion", <if other 
protein food" neb m theee amino acid", cereal 
grain" r.i-ild beiiiijirerf n"a nii>*t import.ant rotirre 
of nutritionally adequate proteins at relatively 
low ro"t 

It ba" been .amply drinoti'lrated ill, 32, 3.3. .31, 
*' ■. that the protein- of ."ovliean liour are valuable 
f tipplemetii," for rorrei'ting the ninino ncitj di-fi- 
riencie- of wfieat ilour 

llecently a iniMiire roii'i.'litiK of .'i parts of soy- 
le-aii tlour and ‘.h'l fiarls of wheat flour wa.s found 
not only to contain If) jier cent more protein than 
« beat (lour alone but abo to have t« ire its growtb- 
piomotinc value e.)' When the relative propor- 
tion'll ere 10 and 00 the mi Mure, "bowed firactically 
the r.ame value a' .'him mill; ponder and four time? 
that of wheat Ilour alone, Kven higher supple- 
meiiting value for "oylienn flour, as compared with 
that of shim milk powder, Im.s lieen reported (.37). 

Feeilitig eYjieriments with rat." and swine have 
liecn rr;>ortrd ."howing that properly cooked foy- 
bean.s arc valu.ible also as .a supplement to com 
(.37. 30). 

It is generally recognized that lysine i.s an out- 
standing .amino .acid deficiency in wheat flour. 
,\v.aihable d.at.a leave little doubt that the protein 
of soylieans ront.ains sufficient Iy.«ine to compen- 
sate for the deficiency of this amino acid in adieat 
flour. It also appears that wheat flour i.s low in 
threonine and valine ns compared with soyliean 
flour. 

Osborne and Mendel (1) first showed that raw 
soybean meal a." the solo source of protein in the 
diet will not support growth in rat.s at a satis- 
factory rate. Heating the meal in an electric oven 
at HO'” for 4 hours failed to cause any significant 
improvement. However, after the meal had been 
heated with water for 3 hours on a steam bath and 
subsequently dried, the product promoted growth 
at a normal rate. Although heating ground soy- 
beans in an electric oven causes little, if anv, 
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improvement in nutritive value, a considerable 
improvement has been observed (7) when the 
whole beans were heated in a sealed bomb. Ap- 
parently, in the latter case, sufficient of the 
original moisture content of the beans was pre- 
served to effect the increase in nutritive value 
during heating. 

That heated soybean protein is greatly superior 
to the raw protein has been confirmed by numerous 
investigators in studies with rats, swine, chicks, 
and other animals. Their conclusions were based 
on digestibility and metabolism studies as well as 
on gains in body weight (38, 28, 39, 35, 37, 40, 41, 
42,7,43). 

Considerable attention has been given to the 
question why heating soybeans improves the 
nutritive value of the proteins. The proteins of 
several legume seeds of the genus Phaseolus are 
limited in their nutritive value by a type of in- 
digestibility which can be remedied by moist heat. 
The proteins of the navy bean (44), lima bean (45), 
Chinese and Georgia velvet bean (46), lentil (47) 
and cowpea (48) are rendered more digestible by 
heating with water. Rats will decline in weight 
rapidly and live for only 3 to 4 weeks when fed a 
diet containing either raw navy bean meal or its 
isolated proteins (49) as the sole source of protein 
in the diet. When the meal or its isolated proteins 
are first heated with water and then incorporated 
in the diet animals will barely maintain their 
weight. In vilro digestions of the proteins of the 
navy bean and velvet bean revealed marked in- 
creases in the amount of amino nitrogen liberated 
from the cooked bean proteins over that observed 
in case of the raw proteins (44). Although soy- 
beans do not belong to the Phaseolvs genus, the 
results obtained with Phaseolus beans suggest that 
the increase produced in the nutritive value of the 
soybean protein by heating may be also ascribed 
to improved digestibility. However, metabolism 
studies have been reported indicating that heating 
soybeans improves the digestibility of the proteins 
somenhat, but not to an extent commensurate 
with the improvement in general nutritive value. 

The cooking of soybean meal evidently accom- 
plishes two effects upon its protein nutritional 
value in the diet of rats; it makes the addition of 
cystine or methionine unnecessary, and it in- 
creases the growth-promoting value of the proteins 
two-fold or more. On the basis of these observa- 
tions it might be concluded that, in the raw state 
the soybean proteins are characterized by a type 
of indigestibility whereby certain amino acids are 
tied up in the protein molecule in such a way that 
they can not be assimilated. That cystine and 
methionine are not the only amino acids involved 
in this way is indicated by the fact that addition of 
cystine and methionine to r.aw soybean meal 


definitely improves its biological value, but only 
to about one-half the extent that cooking does. 

Chemical studies on the isolated protein of the 
soybean have contributed material support to 
these conclusions (50). Unmistakable differences 
bewteen the behavior of raw and cooked protein 
were observed in digestion studies in vitro vrith 
trypsin. After parallel digestions of 100 grams each 
of raw and cooked protein for 96 hours, 6,3 grams of 
the raw protein remained in suspension as com- 
pared with 38 grams of the cooked protein. The 
63-gram fraction of the raw protein retained 47 
per cent of the total cystine of the original protein 
as against 33 per cent retained by the correspond- 
ing fraction of the cooked protein. 

After removal of the solid fractions referred to, 
the liquid digests of the raw and cooked protein 
yielded on acidification another incompletely 
digested fraction from each of the digests. The 
fraction from the raw protein weighed nearly 6 
grams and that from the cooked protein weighed 
12 grams. All told, 69 per cent of the weight of the 
original raw protein was recovered from the digest 
in an incompletely digested form as against 50 per 
cent similarly recovered from the digest of the 
cooked protein. The partially digested fractions 
recovered from the digest of the raw protein re- 
tained 55 per eent of the total cystine as against 
39 per cent for those of the cooked protein. The 
results show that the raw protein is not only less 
digestible than the cooked protein, but that a 
disproprotionate amount of the cystine is tied up 
in fractions largely resistant to digestion. 

Cystine is liberated from the proteins of soybean 
with much greater difficulty than from other pro- 
teins studied. No free cystine could be detected in 
the digest of raw or cooked isolated soybean pro- 
tein after 24 hours’ tryptic digestion. Casein, 
similarly- digested, yielded SO per cent of hs 
cystine. Soybean protein refluxed with 20 per 
cent HCl for 6 hours liberated only about b'O 
thirds of the cystine present. Acid hydrolysis o 
casein, on the other hand, liberates 20 per cent o 
its cy-stine in 30 minutes, and all of it in 6 hours. 

Although digestibility studies in vitro on t e 
isolated proteins of the soybean reveal a difference 
in the behavior of the raw and cooked proteins 
toward the action of trypsin, the difference, hen 
ever, does not run parallel with or entirely exp am 
the marked improvement in biological value o 
soy-bean meal after it has been cooked. For 
stance, there was no difference in the 
liberation of cystine from the raw and coo 'C^ 
proteins either on tryptic digestion or on aci 
hydrolysis. It appears that the superiority > 
nutritive value of cooked soybean meal can . 
attributed entirely to an increased digosti 1 1 
of the cooked meal protein. 
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'd yt.i’fir.t. mill ; nvlu-ati" linvi' 

rcvorAt in ni'iniin'ti. 'I'lify urn I'ntti 

!fitii!r.r«, tliAv linvn n liiiOi •'ii!i!''iit of ptoloin ntnl 
nil. .Hill noninin very lifili' rJ-Tteli Tln'ir 
.“iro .il’-o unilo f innl.ir n iili ivipi ei t > Ilmir I'liriiii- 
e.ll iWil (iliy.'irril ]ijojtrt!li « 

Tiic (iM'.rin of Krini'h r.incot 

fwsn tofVijw'r rent lii'P'-nilini; on llm v.Ttiely .ninl 
toc.iliry ilicy nri' irtonn .Munit I'rr rm! 

of tin' tot.'il tiilto^on of ‘In' ("vinu! i? nri'oiiuleii for 
liy two j'toli-)!.'. .Ti.irliin nn i connr.icluii. whit’li 
orfiir, n''Jv-i-!ivoIy, in tlir f.itioof nl'oni .1 (o 1 (.M). 
Tiir^e jiiotrin*' wrro lif'?t ifoi.iloit nin! iltoii'ril'Oii in 
.,X". l/iter. otlirr invr'tir.itioii’i linvo Iw-ou 
I'ornitn'toil <.n tlirir rlirmir.il |iropcr!ii" atn! nlniiio 
nt'iii ro!np."ilioii t.VI. ot , .V>. o'l tVi, Ot . (VI > 

Tim r<'ji<ii!i’ rvsmimnc after o\(in',"mit (In' oil 
front pi'.’innt' ii liiplily r-ionmr il n^ n vnlti.'ililo 
protrii) riinfentr-ito for f.irni nnini.iN IVetlinj; 
cApfrinirntj; nitii r.it* ttVi; lm\ o •l■■nlon^trl^l^<l tlial 

IX'.nnut tw'.'i! jtiji;ilir,« protein tlnit romi'nre- 
f.ivor.ilily in nnlritive \.-i!ne mil. tin- lie-.t roiirren 
of pl.int prriteinv. 

.Mtlimipli the totnl protoili' oi tlie pe.-iiKit .t< 
rrprv.^erited in pr.amit rne.il ntnl ive.imit tlonr hive 
hiph ntl'ritive v.ilne. nr.irlun elone m the role 
snurco of protein in the iliet will not Mipport 
f.tlii'f.nctory protvih in yotini; .initnili hi. .V>'. In 
rftni liipcstinn- with pep-in .nrnl Iri p-iti ,-hovv that 
itisnnt re.nlily dice.-tihli' ih.'l rnlihe i he (iroteins 
of foyheant! tinii isinne other lec'iine -ee<l,i. the 
tlipe.'tihility of .nmehin ir not .ippremihly im- 
provcil hy he.iiinc in the pre.'enee of w.iter 

Ainlyliral dat.i imiie.ite that arrn hni i- deficient 
in niclhionitie nini tryptojdi.ane Th<-e <leficienrie.s 
have l>ccn confirnif-il hy feeditiK expemnent.f (M, 


o7. .*>‘'1. t'oiintnehin. on the other hand, eontninn tin 
.ahilnd.iliee of the .'itilimi tieidn fiml lire delieieiil in 
.ararhin. iniillire of ihe-e two proteiim in the 
rime proporlioin, that they oeenr in the peaniil 
will eiialde votinit iininial'i to priiw nt a ver.v eatin. 
factory rate (,'<’>). We have here an interenlini; 
illustration of ptidein eiippleineiil.itioii within the 
«anie reed. 

i’eannl lloill. whirh tepie-eiit" prttetie.ally the 
Iota! proteins of the pe innl , ofTere a I'otiree of very 
itood dietary plotein for evteinlini; and partially 
replaeiiit* protein fooihi of animal on'itin. In n 
rerent jitndy on the eoiiipar.tiive prowl h-promfit • 
iiic value.'! of the protein'i of peanut niul tmyliean 
llotiis (t*. 10 1 , the intermit inp olenTvatioii wnsiimcle 
that, w lien fed at a 0 |w>r rent level of [iroti'in in (lie 
diet, royhenti protein proliioled .■lomi'wfial preater 
wi'ipht pain:-' in r.al-, than re'iiilted with peanut 
t'lotein fed at the I'anie level However, when fed 
at a hipher protein level ilo per rent) ix-aiiiit 
protein .ipjteareil ihdinilely .superior to that of the 
roylw'ati 

IVaiitil meal is n v.alualtle roiiree of protein for 
(iiiplilemeniinp ihi' proti'in of eorn (.'ih). Sfein. one 
of the ehief ptoteiiia of eorn. is defirient in nrpinine 
ly.-ine tryptophane, ami ryutitie— amino neidfi 
that are well provided it) the total proleiiiit of the 
peanut i’eaniit proteins al.“o have a hiph value for 
Miliph'meiitinp the proteins of wheat flour friO, 0(1, 
fd. 02. 01 >. 

Heeau-i’ of the limited proiliiclion of pe.anilt 
Hour for human ron.-iimpiioii this vnlutihle source 
of plant protein has not heeii peiier.ally availahle in 
siilheieiil ipuiiiliiy to reeidve the recopriifion it 
merits. 
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It is the purpose of the present paper to discuss 
the proteins of wheat germ, corn germ, and of oats 
as substitutes for animal protein in human diets. 
Little reference is made to the proteins of other 
wheat or corn products, nor to the vitamin and 
mineral content of any of these foodstuffs, al- 
though it should be emphasized that, in any 
attempt to replace animal proteins in human 
dietaries by concentrates which contain high 
quality vegetable proteins, consideration must be 
given to the supply of other nutrients, such as the 
vitamins of the B-complex and minerals. On the 
whole, the available commercial concentrates and 
seed meals or flours which have been suggested as 
substitutes for animal proteins are good sources 
both of the B-complex vitamins and of minerals. 

The proteins of wheat germ and corn germ are 
vegetable proteins of high nutritional value and 
commercial concentrates which contain them m.ay 
be used to good advantage as substitutes for 
animal proteins. The germs of wheat and corn are 


by-products of the milling of the two main cereals 
of this country. They are generally included in 
varying amounts in those milling.fractions knonn 
as “middlin-gs” and “shorts,” though they knve 
been concentrated to some extent in animal feeds 
commonly called “.wheat germ meal” and “corn 
germ meal.” All of these products are used exten- 
sively in animal feeding. Preparation of wheat 
germ and corn germ for human consumption is at 
present carried out on a relatively small scale, hut 
because of the size of the milling industry, con 
siderable expansion of the production of these 
by-products should be possible. Such use shou 
not seriousL’’ impair the supply for animal feeding 
because, according to Mitchell (1) the protein thus 
withdrawn can be amply replaced from sources 
unfit for human consumption or less well utilizer 
by man. 

Wheal germ and corn germ proteins. The nutriti' ^ 
value of w'heat germ and corn germ proteins naa, 
be conveniently considered together. Onl> a 
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alliumin tiy "atrr oMmetion unit A per rent an 
cloliulin liy rail coliitinii, " lirrrns pmriirally none 
i? Fti rt’inovnl from the emlosponn 
llccrnt rtiiiiiM liy Hove nini Hnrtol till n-poricd 
a liioliipicnl value for "Iieat ponn lliat i“ eipial or 
sujTrior to that of Midi nniinal protein'' ni' ckiin 
milk, ppe "'hilp. ntiii rafein. They further ."hotvoil 
that "heat pomi a* the Foiirce of I'llal protein in 
the diet of yoiinp rnls pivea ptowth eipinl to that 
obtained "ith ra«ein. fkim milk, or beef mn.sele. 
lYheat perm is also eqii.al to these proteins as a 
supplement to too "poor-protein" <liet.s. The 
protein of the first of these dicl.s iva.s .supplied from 
plant sources selected to represent "an averape 
American diet, plant sources" and that of the 
second by "beat gluten. 

In a second paper, Hove and Harrcl f t; report 
that skim milk and "'beat perm arc about equal in 
their ability to improve the nutritive value of 
"bite patent flour. Corn oil rnc.al tcorn perm) and 
soybean meal arc s.omcivliat less cfTcctivc in this 
respect. Selected value.s taken from a chart in this 
paper are shown in table 2. All of these dict.9 con- 
tained 10 per cent of protein supplied by various 
mi.\turcs of flour and the supplemental proteins. 
Data obtained in the authors’ laboratory (5) con- 
firm this finding of the relative superiority of 
wheat perm as comiiared to corn perm as a supple- 
ment to white flour. 

Data have also been obtained (5t upon the rela- 
tive efficiency of skim milk powder, wheat perm, 
and corn gemt in maintaining nitrogen balance in 
the adult dog. For this purpose the proteins of 
skim milk powder, wheat germ and corn germ arc 


ptaeiie.ally of I'qiial vnhi". ( 'urn pi'iin ptolein limV 
It fdicbtly sn|>i’rior to ibo-ii' of wlieat I’.i’rm and 
rl.im milk powihw. 

Tb'' biological value {percent of ilipealed nilro- 
peii icl.'iinedl of ilefalted cotii I'.eriil linn been 
comp.ired with defaltef! beef round by Mitrbcll 
ami lleadti”< (It tisinp tbejr modification of ||ie 
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• rne.em value crano rain lor cram ot iirotoin caton. 
t Oven rxiiamlcl oat oTcal made tiycvikincoat flour in 'loucli 
form in n iaetriefl tutie umtrr I'traaure of lOCt 1!». for 1 to 2 min- 
ute-. forminc into ctobuter niifl etpanilinc tile clotmtea irr ap- 
provimalely J to 2 minuter in an oven lield at 209*C. 

t rutTetloals made l»y pretieatinc oat croatr for 5 minuter to a 
temperature of 122*C. nnd tlien Mitdectinc llie cro.at.r to live 
steam up to 200 Ibr. lOS’C. in 2 minuter nnd fmally puflinc by 
relearinc the prerrure suddeidy. Tlilr tatter pmduct liar lieen 
sold in limited nmountr liere nnd in Canada. 

Thomas method. It was shown that the protein is 
So per cent as digestible as the protein of beef 
round and has a biological value of 7S, as high as 
that of beef round which was found to be 77. 

For comparison, values of 50 to C5 for cereal 
grains, 51 to GO for a scries of nuts,72for the cashew 
nut, 04 for whole egg, 90 for raw whole milk, and 
62 to 77 for various cuts of meat and animal organs, 
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are given. The biological value of soybeans is 
given as 67.5. 

Data on the amino acid content of the proteins 
of wheat germ and corn germ have recently been 
presented by Block and Bolling (6) . The content of 
the essential amino acids compares favorably with 
excellent proteins such as milk and meat. These 
comparisons are shown in table 3. 

It appears evident from the available studies 
that the proteins of these germs must be coti' 
sidered as essentially the equivalent of first-class 

TABLE 2 


The value of wheat germ and corn germ proteins 
as supplernenis to white patent flour 


TROTEIN 

SUPPLEMENT 

1 PER CENT 

1 OP TOTAL 
PROTEIN 
FROM 
SUPPLE- 
MENT 

1 

1 

PROTEIN* 

VALUE 

PER CENT 1 
OF TOTAL 1 
PROTEIN 1 
FROM 
SUPPLE- ' 
MENT 

PROTEIN* 

VALUE 

1 

None 

0 

0.78 



Dry skim milk 

20 

1.45 

50 

2.2C 

Defatted wheat 





germ 

20 

1.52 

50 

2.20 

Corn oil meal 

20 

1.13 1 

60 

1.71 

Soybean oil meal. 

20 1 

1 

1.23 

50 

1.77 


• Grams gain per gram of protein eaten. 


TABLE 3 


Percentage composition of corn a7id wheal germ 
proteins compared to milk and muscle 
{Calculated to 16 per cent of nitrogen) 


AMINO ACID 

CORN 

GERM 

WTIEAT 

1 GERM 

, cow's 1 

1 MILK 

1 1 

MUSCLE 

Arginine 

0.8 

! 

1 0.0 

1 

! 4.3 

7.1 

Histidine. 

2.7 

2.5 

: 2.5 

2.2 

Lysine 

5. 8 

5.5 

7.5 

8.1 

Tyrosine 

4.9 

3.8 

5.3 

3.1 

Tryptophane — 

1.3 

1.0 

1.0 

1.2 

Phenylalanine. . . 

5.0 

4.2 

5.7 

4,5 

Cystine 

1.2 

0.0 

1.2 

1.1 

Methionine 

2.0 

2.0 

2.8 

3.3 

Threonine | 

4.4 

3.8 

4.C 

i 5.2 

Leucine | 

10.3 ±3.1 

7.4 ±2.3* 

16.2 ±3.1 

12.1 ±1.1 

Isoleucinc ' 

3.7 ±0.4 

3.0 ±0.5* 

[ 4.4 ±0.4 

3.4 ±0.2 

Valine 

5.8 ±1.2 

4.1 ±1.0* 

4,5 ±0.4 

' i 

3.4 ±0.4 


• Personal communication from Dr. R, J, BJock. 


animal proteins, both when used as the sole source 
of protein or as protein supplements in the diet. 
The protein content (wheat germ 25-35 per cent; 
corn germ 13-25 per cent) is sufficiently high to 
make their inclusion in the dietary worth while. 
Such problems as those of stability, rancidity, and 
palatability may apparently be overcome by 
toasting, or more satisfactoriB" by extraction 
with a fat solvent. 

Present methods of milling yield approximately 
0.5 per cent of the wheat as wheat germ, although 


wheat actually contains close to 3 per cent of 
germ. This indicates a potential germ production 
of at least. 150 million pounds of wheat germ per 
year, which 7night be tripled by more efficient 
separation. The present annual production is 
estimated to he from 30 to 50 million pounds. (For 
comparison, there were 500 million pounds of drj' 
skim milk powder produced in the United States 
during 1041.) 

Corn germ is a by-product of essentially two 
difTercnt types of milling, “the wet milling in- 
dustry” represented by the manufacturers of 
starch, and the “dry milling industry” which 
produces hominy products. The germ recovered in 
the wet milling industry is said to be unsuited for 
human consumption. Sulfurous acid is used in the 
process and renders the germ unpalatable and 
probably destroys some of its nutritive value as 
well. The oil is e.xtracted from this germ and the 
pressed germ cake is used in animal feeds. The dry 
milling industry probably recovers about 45 mil- 
lion pounds of dry corn germ per year. It has been 
estimated that 600 million pounds of defatted, 
palatable corn germ could be produced. 

Oat protein. Relatively few data are available 
upon the efficacy of oat proteins in nutrition. Some 
of the early reports may be looked upon with sus- 
picion since adequate rations with respect to 
vitamins and minerals were not always used. In 
his review on the biological values of proteins, 
Mitchell (7) gives values of 60 for maize, 65 for 
oats, 67 for wheat, 77 for rice, and 64 for barley; 
and he expresses the opinion that differences of 
this magnitude are probably of little if any sig- 
nificance. Early studies by Osborne andMendeI(S) 
indicated that neither maize nor oats is adequate 
as a sole source of protein for the rat, while rice 
and barley proteins, in contrast, were reported as 
adequate at a level of 16 to 17 per cent of protein 
in the diet. Sherman, Winters and Phillips (9), in 
balance studies on human volunteers, reported 
oats and maize to be essentially equal in value as 
sole sources of protein. Nitrogen balance was not 
maintained by these proteins when they were fed 
at daily levels of 0.49 to 0.55 gi-am of protein per 
kilogram of body w'eight although similar levels of 
protein, of which S to 20 per cent was supplied by 
milk, umre adequate. 

A recent paper by Stewart, Hensley, and Peters 
(10) reports studies on the nutritive value of tlic 
proteins of rolled oats and oat cereals as deter- 
mined by the method of Osborne, Mendel, and 
Perry (11). Selected figures from this paper an 
those obtained by Osborne and Mendel are shovn 
in table 1. Home-cooked oatmeal and the men 
expanded cereal appear to have suffered no loss in 
protein efficiency, although puffed oats are clearly 
inferior in protein quality. , 

Stewart et al. state that “nutritionists have 
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Since the bepinninc of ihi» century dried ye.n.it 
luvs been rccopnired mi .a valu.ahle hich-prolein 
food. It is especi-tlly promirinp in emerKeney con- 
ditions because it i.s produced .at an e\trcmely 
rapid rate and nt a loxv cost compared to nniriial 
proteins (1). Furthermore, ycn.st is an execlleiit 
source of vitamins as w ell a.s of hiph pradc protein. 
It is not Burprisinp, therefore, that durinp the last 
Morld tVar dried yeast was employerl in large 
quantities as a livestock feed nnd in smaller 
amounts in human dietaries. Durinp the (irc.seiit 
conflict the necessity for dcvelopinp adrlitional 
sources of high quality protein has led to a renewed 
interest in the biological value of yeast protein 
with especial reference to human nutrition. 

Dried brewers’ yeast is a readily available source 
of yeast protein. However, the .annual yeast 
production of the browing industry in tliis country 
(equivalent to about 30,000,000 pounds of dried 
yeast or 14,000,000 pounds of protein) is only a 


fraction of the quantity which would be needed if 
yea.sl were to fiirni.sh an iqiprcciable portion of the 
(irotoin of Imnmn food. l''urlhcrmore, brewers’ 
yeast must be dcbitlereil for Imman eonsuinplioa 
and a certain proportiiin of the vitamin content is 
lost in tliis process. 

The possibility of producing yeast for human 
consumption from other tyjics of yeast has been 
investigated by several workers, and yeasts of the 
genus Torula have afforded very promising results. 
Tlic.se yeasts grow in the aliscnec of organic nitro- 
gen which is an important factor, llaj-duck (2) in 
1015 reported on the use of Torula in the commer- 
cial production of a “mineral yeast.” Thnyson (1) 
ill 1910 undertook an c.vtcnsiA'c investigation of 
Torula yeasts and succeeded in developing a new 
slmin—T orulopsis iitilis var. thcrmophil.— which 
grows extremely raiiidly (fiftcon-fold weight 
increase in 9 lira.) and will tolerate higher temper- 
atures than otlier strains. Tlie latter factor is of 
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considerable economic importance in growing the 
yeast in tropical climates. The processed yeast is 
obtained in the form of light yellow flakes with a 
meaty or nutty taste and is called “Food Yeast.” 
The production of food yeast is receiving con- 
siderable attention both by the British and in this 
country, and enormous quantities of the material 
could be produced if it became desirable to do so. 

The literature concerning yeast proteins will be 
discussed under the following heads : 

I. Chemical composition of yeast and yeast 

proteins 

II. Nutritional value 

A. For the rat 

B. For the dog 

C. For man 

III. Yeast as a fodder 

No attempt will be made to cover all of the papers 
which have appeared in this field, but rather to 
select those articles which have a significant bear- 
ing on the problem of the nutritive value of yeast 
proteins. 

I. Chemical composition of yeasl and yeast pro- 
teins. Dried brewers’ yeasts vary somewhat in 
composition, but the figures generally fall within a 
rather narrow range. The following is a typical 
proximate analysis representing the average of a 


large number of samples (3) . 

Crude protein (N X 6.25) 47.6 

Carbohydrate 32.6 

Fat 1.0 

Fiber 0.8 

Ash 8.4 


Although analytical figures on Tonda yeasts are 
not complete, the available data indicate that they 
have approximately the same composition as 
brewers’ j'east. 

Yeast contains a variety of non-protein nitroge- 
nous constituents including purines, pyrimidines, 
choline, glucosamine, glutathione, etc. Purines 
account for S-13 per cent of the total nitrogen 
(4, 5),^ pyrimidines 4 per cent (4), choline 0.5 per 
cent (4) and glucosamine 0.5 per cent (4) . 

Crude protein of dried yeast usually varies 
between 45 and 55 per cent although both higher 
and lower figures arc reported. The crude protein 
values are calculated from the total nitrogen and 
hence are 12-18 per cent high due to the presence 
of the large amounts of non-protein nitrogen in 
yeast. Von Soden and Dirr (6) concluded, from 
studies of amino nitrogen in enzymatic hydroly- 
sates of yeast, that only 80 per cent of the total 
nitrogen of yeast was actuallj' protein nitrogen. 

Attempts to isolate and characterize yeast 
proteins have not proven very successful. Only a 
part of the nitrogen can be extracted from yeast 
even by dilute alkali after defatting or rupturing 
the cell membrane (7). Furthermore j'east cells 
autolyze rapidly with consequent alteration in the 


chemical nature and solubility relationships of the 
proteins. Dreycr (8) obtained’65.7 per cent of the 
total nitrogen on extracting yeast with 10 per cent 
ammonium carbonate and reported that the ex- 
tract contained an albumin and a globulin. 
Thomas (9, 10, 11) separated from autolyzed yeast 
a hcat-coagulable albumin and a non-coagulable 
para-nucleoprotein which was sparingly soluble in 
10 per cent sodium chloride. More recently, reports 
by Csonka (7), Strain (12), and Kazakov (13) 
indicate that extraction of defatted or ground 
yeast with water removes a thermolabile and a 
thermostable protein. Subsequent extraction with 
dilute salt solution removes a globulin. And 
finally, a further amount of protein is obtained by 
e.xtraction with dilute alkali. Csonka (7) states 
that all of these fractions consist of nucleoprotein. 
In view of the rapid autolysis of yeast protein, it is 
not certain what relation the various protein 
fractions have to the proteins present in the living 
yeast cell. 

Amino acid analyses have been made on whole 
yeast and on various protein fractions. The latter 
data have little significance since they depend on 
the method of preparation of the particular mate- 
rial under investigation. They will be included in 
the references but w’ill not be discussed further. 

Since pure yeast proteins are not available for 
analysis the method of expressing the results is 
somewhat complicated. In some cases the values 
have been calculated as per cent of amino acid in 
dried yeast. This method is unsatisfactory since 
the per cent of protein in dried yeast varies from 
sample to sample. Other authors have reported 
amino acid nitrogen as per cent of the total nitro- 
gen. This method seems to be more satisfactory 
and other figures have been recalculated to this 
basis w'herever possible. The amino acid analyses 
of whole dried yeast are summarized in table 1. 

In addition to the data recorded in table 1, 
isolated analyses have been reported on individual 
amino acids of whole yeast. Csonka (7) found that 
dried brewers’yeast contains 0.3per cent of cystine 
1.37 per cent of arginine, and 2.61 per cent of 
lysine, wdiile dried bakers’ yeast contains 0.27 per 
cent, 1.32 per cent, and 2.15 per cent respectively 
of these three amino acids. Woolley and Peterson 
(17) reported that dried bakers’ yeast contains 
1.03 per cent of histidine and noted that acid- 
hydrolyzed jmast contains substances which 
interfere, ■with the KapellerrAdler test for that 
amino acid. Prunty (18) obtained values of 0.92 
and 0.52 per cent cystine in trvo samples of dried 
brewers’ yeast. Tornado (19) found 1.6 per cent of 
trj'ptophane in a sample of Saccharomyccs sake 
which he analyzed. Dirr and von Soden (20) have 
published a recent paper on amino acid analysis of 
yeast. Unfortunately neither the original paper 
nnr an .abstract of it are available. Thomas (9, 10, 
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As a matter of fact, Fink and .Inst (IG) ami others 
have noted a considcrahlc variation in amino neiil 
content of yeast samples of the sanic type grown 
under slightly difTcrent conditions. Evidently the 
composition of yeast protein is not ns constant as 
that of animal protein. 

The most comprehensive recent analysis of the 
amino acid content of yeast protein is that of 
Block and Bolling (1-5). These authors e.vprcs.sed 
their results as percent of nminoacid in a theoreti- 
cal yeast protein containing 10 per cent nitrogen. 
Since the analyses were made on whole yeast it 
seems a safe assumption that crude protein (X X 
6.25) was used as the basis for the calculations. In 
order to compare the amino acid composition of 
yeast with that of animal proteins, the figures of 


nii'i’k .•uni llollitii; for vi'Mft pmli in mni miirrh’ 
protein niid a ronipilalion of data on the runino 
acid ronleitl of ean in !ir<' (dvcti in l.ahle 7’. .''iiiec 
cai-eitifoniaimiiipjtroxintaif'ly It) pet cent nitrogen 
the figiite'. are eonipaiahle u ith l!n" of I’.lorl; and 
Itollinc,. 

'I'heT iimitui arid amilv/ei) of ye/inf ptol<’in are 
inroinph'teand are admit leilly not highly arnirale 
in certain in'itanri”'. N’everlhele; a they definitely 
C'laldirh llml yeast protein eonlaimi alt of the 
er-^enlialatninoaeiils and is a hiologirally complete 
protein. Whether the eiceniial andrio nrids are 
pre>enl in the pDijier proimrtionn for nuiviimiiu 
itliliration hy the animal liody ran hardly he de- 
rideil on thr hasi.s of llirpn'crnl ilata. It inpOMsildr 
that yrast ia di'firirnt in mtlftir-rontaining amino 
arid" anil this po'-dhilily is supported liy feeding 
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•• ComiMlalion of ircrnl tinia, 
t Drach. rl nl. 1^2). 

: WinnieJt CO). 

I rrorns^^cot find MoUrxno (20. 

\ Kni»r}Jrr*,\fIlcr (25). 

e.vperimcnt.H to he reported in the iic.xt section. 
However, an inspection of tabic 2 revc.als a strik- 
ing similarity in the amino acid comiiosition of 
yea.st and that of casein and of muscle protein. 
On the lm.sis of chemical analysis, therefore, yeast 
protein should po.s.scss a higli biological value. 

In addition to the amino acid figures, certain 
other unnlytical data iimy have a pertinent hear- 
ing on the question of the nutritive value of yca.st 
protein. The prc.scncc of a large amount of non- 
protcin nitrogen in yeast is of interest in evaluat- 
ing feeding experiments. Obviously the crude 
protein of yeast, as calculated from the total 
nitrogen, is considerably liiglicr than the actual 
protein content. Yet this fact has not been taken 
into account in planning feeding experiments or in 
calculating biological wolucs of yeast proteins. 
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The high purine content of yeast is also of 
interest to the nutritionist. Obviously the inges- 
tion of large quantities of yeast by man would 
result in the produetion and e.xcretion of con- 
siderable amounts of uric acid, and this might be 
deleterious in certain conditions. This point will be 
discussed further in a later section. 

Yeast has a high ash content and the distribu- 
tion of the various constituents of the ash is 
unique. Potassium and phospliorus are unusually 
high, whereas ealcium, sodium, and chloride are 
very low. The high -phosphorus low-calcium con- 
tent of yeast may well be responsible for the fact 
that pigs receiving a large amount of yeast in their 
diet may develop rickets (26). Furthermore the 
possible effects of the phosphorus on the acid-base 
economy of the body must be considered. 

II. Nutritional value of yeast proteins. A. For the 
rat. The nutritive value of yeast proteins will be 
discussed under the three topics, digestibility, 
growth studies, and biological value. Only those 
experiments will be considered in which the yeast 
protein contributed significantly to the protein 
nutrition of the animal. 

1. Digestibility. Voltz (27) reported that the 
digestibility of brewers’ yeast was 88 per cent and 
that 94 per cent of the caloric value of the yeast 
was utilized by the rat. Osborne and Mendel (28) 
found that brewers’ yeast was utilized to the 
extent of 74-83 per cent and Still and Koch (29) 
reported a value of 72 per cent. Mitchell (30) 
obtained coefficients of digestibility of 78 and 76 
per cent respectively at 5 and 10 per cent levels of 

''■■'east in the diet. 

There seems to be general agreement that yeast 
iotein is readily digested and absorbed by the rat. 

2. Growth studies. There have been several 
reports that j'oast protein supports normal growth 
in rats. Osborne and Mendel (28) fed brewers’ 
yeast as the sole source of protein at levels of 30 
and 40 per cent. Rats were maintained for more 
than a j'ear on these diets without ill effects. Those 
on the 40 per cent level grew at a normal rate, those 
on the 30 per cent level somewhat less rapidly. 
Nelson, Heller, and Fulmer (31) fed to rats diets 
containing 25-50 per cent of dried brewers’ yeast. 
At a 45 per cent level, normal growth and repro- 
duction occurred. Three generations of rats were 
reared on these diets, the growth rate of the off- 
spring being slightly below normal. At the 50 per 
cent level the growth rates flattened outafterthree 
months. iMangold, Columbus, and Hock (32) have 
reported quite similar results with a Torula yeast 
grown on sulfite wastes. Willimott and Wokes (33) 
reported that a diet containing 50 per cent of 
saline extracted yeast supported normal growth in 
rats. 

In contrast to these results are others indicating 
that yeast protein is not as effective as casein or 


other animal proteins in promoting growth of 
rats; Still and Koch (29) made a careful study of 
bakers’ 3 'cast. They reported that rats on diets 
containing 38 per cent of bakers’ yeast as the sole 
source of protein grew at a subnormal rate and 
concluded that all of the yeast protein was not 
readily utilized b^' the rat. These workers made no 
allowance for the non-protein nitrogen content of 
the 3 'east. 

Hock and co-workers (34-37) have recently 
published several papers dealing with the supple- 
mentary effects of cereal protein, T’orwfa or brewers’ 
j'east, and fishmeal. In each of the diets, about 
one-sixth of the protein was provided by a mixture 
of rye and wheat. The remainder of the protein 
consisted of}’castand fishmeal in varying propor- 
tions. When onlj' yeast was added, the rats grew 
only' half as rapidly as when the remainder of the 
protein consisted entirely of fishmeal. However, 
normal growth was obtained when 50 per cent of 
the fishmeal was replaced by yeast. These results 
indicate that yeast has a lower nutritive value 
than fishmeal for the rat. In the most recent 
report of this series Hock and Fink (37) show that 
the addition of 2 per cent of f-cystine to yeast 
markedly increases its nutritive value. 

Kon and Markuze (38) reported that the growth 
rate of rats on a brewers’ yeast diet was improved 
bj' replacing a part of the yeast with wheat flour. 

3. Biological value. Still and Koch (29) report a 
biological value of 45 per cent for brewers’ 3 'east 
protein. Mitchell (39) found that yeast, fed at a 5 
per cent level, was completely utilized and re- 
ported a biological value of 85for the yeast protein. 

B. For the dog. There seems to be general agree- 
ment that yeast is a satisfactory source of protein 
for the dog. Voltz (40, 41) found an 83.6 per cent 
utilization of yeast nitrogen by the dog, Rubner 
(42) 98 per cent, Deutschland (43) 83-89 per cent 
and Karr (44) SO per cent. 

C. For man. There is very little significant data 
in the literature concerning the nutritive value of 
yeast proteins for man. The earlier studies were 
concerned mainly with determining how inuch 
yeast could be tolerated in the human diet (45, 
46, 47). It was found that dried yeast in quantities 
up to 100 grams produced no ill effects with the 
exception of one or two subjects who suffered from 
diarrhea. Even the more recent experiments have 
dealt for the most part with the digestibility of 
yeast. Thus Kuen and Pviringer (48) reported that 
90 per cent of the nitrogen of dried bakers’ yeast 
was digested and absorbed, whereas fresh bakers 
3 'east was poorly utilized. Dirr (49) fed two male 
and two female subjects diets containing 87-100 
grams of protein, 65 grams in the form of yeast, 
and found that the yeast protein was absorbed 
almost as 'veil as animal protein. 

Nitrogen balance studies have been made in 
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INCREASING THE USE OF PLANT PROTEINS' 

C. M. McCAY 

Lt. Commander, H-V (S), USNR 

Naval Medical Research Institute, National Naval Medical Center, Bethesda, Maryland 


Plant proteins play a vital part in the economy 
of the world whether that world is at peace or 
involved in war. Proteins themselves play a vital 
part in the word’s food picture since they are 
essential and scarce nutrients. Without protein in 
reasonable amounts we cannot expect permanent 
peace any more than we can expect this peace 
without sufficient calories to keep men from 
starvation . 

A war could not be fought in the present age if 
men had not learned to make good use of plant 
proteins. With the exception of America, no major 
nation has the natur.al resources to feed either its 
armies or its civilian populations upon a diet rich 
in proteins of animal origin. 

Due to the fact that more people can live per 
acre in a densely populated area if they use plant 
proteins, the oriental nations have long learned to 
thrive upon a minimum of animal protein. Todaj' 
the Japanese armj' is fighting upon a ration that 
draws its protein primarilj’- from plant sources 
with a small supplement of those from meat and 
milk. Among the captured Japanese foodstuffs are 
found enriched white flour, dried beans and peas, 


1 The material in this article should be eon- 
strued only as the personal opinion of the writer 
and not as representing the opinion of the Navy 
Department officially. 


brown rice, seaweed, and dried yeast with small 
amounts of dried fish, canned milk and canned 
meat. These plant foods simplify the operations 
of the Japahesc army because they are easy to 
store, transport and cook in contrast to meats that 
must either be refrigerated, canned or dried. 

Likewise, the Russian and German armies are 
making extensive use of dark, heavy breads, peas, 
beans, buckwheat, soybeans and such special 
products as dry yeast. 

The typical modern American eats two slices of 
bread at each meal. This is his major source of 
plant protein. This same bread consumption is 
continued when men enter the armed forces. Thus 
each man eats about five or six ounces of bread per 
day. In exceptional cases such as field duty this 
amount may rise sharpty and men may eat twice 
this amount. When men first enter the armed 
services they tend to increase in weight. Since they 
are usually allowed all the bread they wish, they 
may eat large amounts for the first two weeks. 
This is especially true of the colored men from the 
south who are fond of bread. The Navy’s allowance 
for bread is twelve ounces daily per man or the 
equivalent in flour. Onty about half this amount is 
really used. Supply officers use this saving eflected 
in bread to buy more milk or vegetables in many 
cases. 

The improvement of the protein quality of wheat 
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niously wliilc t]|(. niiiniicr nf iiirii in I niiniiic rninp,'- 
nnd Pt.'ilion.s rvill ilccliric. Tlic rcilciilnry livc.ii of 
tlio.'P fed in liniijiiinls nic.-in.n lluit llic type of food 
inu.st cliiinKc from tluii fcii in c.'iinii.i. I'V'vcr cnlo- 
nos ivill he rcipiircti. I.n.nii fried fniid.*' ciiii l>e 
tolerated. More fruits and salad.s will lie needed. 
In pencral the varietv of fnod.s offered iniisl lie 
creater althoiich ilic amount will he lei-s. This 
means that the quality of every item offered should 
he the host that can be jirnduecd eeonomieally. 
l or this reason the best possible eombination.s of 
proteins should be used in bread.s and pastrie.s. 
This providc.s insurance for that patient, who nmy 
select diets low in meat or milk and egns. 

Not only should bread bo imjirovcd bnt also 
other cereal ilem.s such ns hot cukes, doupliniil.s, 
cookies, pie.s, and breakfast foods. .Astoundinp 
amounts of doughniit.s, cookies, and pies are con- 
sumed both in the regular messes of the armed 
services and in separate eating places such as 
Ship’s Service and Post E.vchangc. Since the 
minority that do not adapt themselves readily to 


the iiic.i •‘l■,■l of the .\iiny luiil Xavy Iclid to buy 
foiiilt oiili.iilc, the eompo“ilioM of |lii''c foods is 
especially impoilanl. Since piolciip: of aninial 
olir.in ale sold vety little in llie.’.e outside feedini; 
opelatioiiH, the quality of the protein of the cakes 
iUid cookies is veiy impoilanl in the nelfate of a 
rniail group of men and women. 

The piobli'iii of the e\le(tt to nliieli .Snierieami 
•luuilil ^•^ul>lUml’ moll’ jilaiit pToleiiu' jiml les;' of 
lliose of aiiilii.'il oiigiii faces the nation loilay. 
\nieriean nill aluay.s be iiiletesled in the use of 
meal beeaine «e have vart ate;i,s of hind that are 
only riiiialile for taiige.s (In the other lialid, we can 
piiiilitee either animal or plant proteins in large 
ate.'is lueh as the eolii bell. 

The Ihitikiiig man ie;ilires that seveial men can 
be fed for every one non feil by the giain.s of the 
ruin hell if ne abandon part of oiir swine feeding 
inditstty llouever. the typical .Vineiiean feels 
that the hiingiy Mniopeaii is far an.av. He says 
"evpiirl the loyheali.s and leave me my pork 
eliops *■ In other nords. the prolilein appi’ar.s 
II 11 real 

llonever, tome progress i.s being made in in- 
creasing the niili.-alion of mylieaiiM, dry brewer’s 
yeast, and germ proteins as primary foods in our 
diets Willi till' great progre's in bioelieinisiry, 
llieie is no reason tbal onr nation eaiinot eonsiime 
more plant food.s nilli tbe mainleimnre of ade- 
quate Miilrilion. .\t the same lime the future will 
undoubtedly see flavors developed in siieh prod- 
iirt.s ns soylieans and yeast that nill make them 
able to eompele nilh beefsteak .and meal proil- 
iiels. Only a beginning lias been made in jirndiic- 
ing the llavors in surli prodiiels as soya saiiee 
wliirh is so wiilely used in the orient to improve 
the Hal tastes of plant products. 

In limes of wjir ne hear a great detil of the vnlne 
of ro.serves of ininerals, reserves of manufacturing 
plants, re.serve.s of seienlisis and even reserves of 
foods. The ability to use plant proteins efTectivcIy 
eonsliliilc.s a reserve that is seldom discu.'i.sed. It 
lake.s little imagination to perceive the tissef of 
being able to rely upon large nniouni.s of plant 
jiroteins in periods of national emergency. The 
biochenii.sl play.s bis part in providing adequate 
knowleilge eoiirerniiig nutritive valuc.s and meth- 
ods for producing acceplahle flavor.s and methods 
of eookcrj’. iSnme exiicriciice in cookery and in 
modifying national food hahit.s on a large scale is 
akso essential if this reserve is to ho made cfTcctivc 
in a short time in case of need. 

Xo one can deny the economy of the use of plant 
proteins hut also no one can anticipate the willing- 
ness of the American luiblic to change its food 
habits. Tlic more the nutritionist knows about the 
eoniposilion of plant products the more assurance 
he can give that adequate diets can be constructed 
with a base of plant foods.Furtliermoro, partof the 
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future of plant proteins lies in the hands of the 
researcher in biochcmistiy because he has the 
means for discovering the methods of producing 
pleasing flavors by both chemical and micro- 
biological methods. 

In our thinking today we tend to cetitcr our 
attention on producing enough food for ourselves 
and other nations. Another aspect of the problem 
may arise in more peaceful times. A farmer can 
feed a given number of peojile by laboring the year 
around to produce corn and soybeans for swine 
feed. He can feed the same number of people with 
about one-third the time and labor if the people 
eat the plant products. Under such a condition the 
farmer would have two-thirds of his time for lei- 
sure and maintain the same number of men uijon 
the plant foods. Today such a point of view is 
visionary. Tomorrow it maj'^ not be. 

Many nutritionists are overoptimistic concern- 
ing the savings in human foodstuffs that can be 
made bj' changing the public food habits to a diet 
lower in meat and eggs. In 1942 the estimated 
consumption in the United States of protein from 
meat and eggs was about 3.8 billion pounds.- This 
might be reduced by one-third without too severe 
reprecussions on the part of either agriculture or 
the consumer. Morrison’ estimates the protein 
produced from an acre of land in the form of pork 
amounts to 22.7 pounds annually while that in the 
form of soybeans amounts to 294.7 pounds. The 
therms of energy produced amount to G72.9 for pork 
and 1,534 for soybeans or 3,124 for, corn. The most 
that could be assumed if men turned from pork to 
soybeans for a third of their protein would be that 
abourt thirteen times as many people could be 

’ Report of U. S. Tariff Commission, Februaiy 
1944. 

’ Morrison, F. B. Feeds and Feeding, Pg. 158, 
1936. 


provided with protein from an acre of land. A 
more realistic figure is probably four 6r five which 
credits swine with their great efficiency in calory 
production and the conversion of corn into calo- 
rics more suitable than those of corn for human 
consumption. Likewise the usefulness of swine and 
chickens in converting such waste products as 
meat scrap into meat for human consumption 
would be credited in part. 

The number of additional people that could be 
fed if the whole population of the United States 
were willing to exchange a third of their proteins 
from meat and milk for that from soybeans would 
run from ton to thirty millions. 

In conclusion wc cannot doubt the greater 
efficiency of partly maintaining a population on 
plant products. Our armed services are beginning 
to make use of plant proteins such as those of 
soy'a flour for supplementing bread and pastries. 
Maximum safety' is attained in nutrition when 
every’ important food item, such as bread, is given 
the highest qualitative value that can be attained 
practically. Because the ration of the Army and 
Navy' is rich in meat seems no reason to neglect the 
quality of bread protein. The increased knowledge 
of the biochemist will ultimately insure the 
adequacy' of diets based on plant proteins. Re- 
search will also provide more pleasing flavors. 
No one, however, can antieipate the trends of 
human food consumption by populations not 
faced by severe emergencies. The American public 
may' realize that they can feed more starving 
peoples in foreign lands if they shift toward a 
vegetarian diet but there is little indication that 
they will do so without compulsion. The knowl- 
edge and ability to utilize plant proteins effec- 
tively is in itself a source of reserve strength for 
America in times of emergency'. In times of peace 
it may prove a means of giving the hard working 
farmer some additional leisure. 
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THE PRESENT STATUS OF ICNOWLEDGE CONCERNING THE 
INTRINSIC CONTROL OF THE CEREBRAL CIRCULATION AND 
THE EFFECT’S OF FUNCTIONAL DERANGEMENTS IN IT 


CAUL F. SCHMIDT, Chairin.an 

Laboratory of Pharmacology, University of l^ennsylvania, Philadelphia 


It is no longer a secret that in modern mecha- 
nized w.arfarc man is definitely the limiting factor, 
for machines such as airplanes, tanks, other land 
vehicles, submarines, and surface ships are 
capable of performance which their human occu- 
pants cannot tolerate without loss of ofRcioncy, 
health or life itself. One of the greatest chal- 
lenges to phj-siologists in the present emergency 
lies in the identiBcation and charaetorization of 
these physiological limitations ns tho nece.ssary 


first step in devising moans cither for reducing the 
strains inflicted on the man or for incrc.nsing his 
ability to withstand them. Efforts along these 
lines have aircadj- achieved considerable success 
in relation to aviation, in which the strains arc 
probably more numerous, varied and severe than 
in any other branch of military activity. Accord- 
ing to pre-war publications (1) (22) the most im- 
portant human strains of combat flying are re- 
lated to anoxia, a^MMubolism (“bendn”., cold, 
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acceleration, motion sickness, disturbances of the 
special sensory apparatus, fatigue and psychic de- 
terioration. This list is not likely to require sub- 
stantial modification when more recent experience 
is disclosed. Now it is a striking fact that the 
brain is the limiting factor with respect to all 
these strains, either because its functional ca- 
pacity is reduced (as by anoxia, cold, or the cere- 
bral anemia or congestion associated with 
acceleration), or because it is subjected to an in- 
tolerable bombardment by sensory nerve impulses 
(as in the pain of decompression sickness, the 
nausea of motion sickness, the discomfort of cold, 
or the accumulated psychic trauma associated 
with combat aviation). The blood supply of the 
brain then becomes a matter of immediate con- 
cern, not only because here, as elseivhere in the 
body, the capacity of the tissue to function is 
limited by the capacity of its circulation to meet 
its changing requirements, but for the additional 
special reason that the brain is unable to contract 
much of an oxygen debt and therefore is more 
subject than other tissues to derangement by an 
insufficient supply of blood. Two major questions 
then arise; What are the agencies by which the 
blood supply of the brain, or of its various parts, 
can be altered either to their advantage or dis- 
advantage? and how would the functional capac- 
ity of these structures be affected if their blood 
supply is either deficient or excessive relative to 
their requirements? 

These questions have been asked and answers 
to them sought for more than a century, and 
twenty years ago categorical answers to both of 
them would have been given without hesitation. 
The cerebral circulation then was held to be fitted 
passively to the needs of the brain by adjust- 
ments elsewhere in the body, and an intrinsic 
control over cerebral vessels was regarded as 
unimportant or non-existent (see (37) for the 
literature on this subject). The response of the 
brain to acute anemia was universally held to be 
stimulation followed by depression, ever since 
Kussmaul and Tenner (16) demonstrated that 
occlusion of the carotid and vertebral arteries 
causes violent generalized convulsions followed by 
paralysis’ and Rosenthal (21) showed that the 
respiratory and vasomotor centers likewise are 
strongly stimulated before they are paralyzed. 
With these seemingly unequivocal items of e.x- 
perimental evidence as a background, experi- 
menters and clinicians came to, hold the opinion 
that spasms of cerebral vessels, occurring spon- 
taneously or elicited by suitable physical or 
chemical agencies, would elicit signs of cerebral 
stimulation and might be responsible for the con- 
vulsions produced by disease states or by drugs. 

During the past twenty years, however, there 
has been a gradual accumulation of evidence 


against both of these older viewpoints. Studies of 
the cerebral circulation by a number of technics 
have shown that the cerebral vessels possess con- 
siderable capacity for independent control in 
response to both nervous and chemical agencies; 
these observations arc now so numerous (see (18) 
(19) (37)) that there is no longer any doubt about 
the necessity for revising the older idea that the 
cerebral circulation can be adjusted only pas- 
sively, The discovery (13) and subsequent confir- 
mation (see (28) (29) (30)), that the hyperpneaand 
hypertension of anoxemia, even the generalized 
convulsions elicited by cyanide (27), may be due 
to reflexes from the carotid and aortic bodies, in 
the absence of which anoxia is essentially de- 
pressant to the central nervous system, has cast 
doubt on the previously universal idea that acute 
cerebral anemia would necessarily produce strong 
stimulant manifestations. Yet while existing evi- 
dence justifies abandonment of the older viewpoints 
it is at present insufficient to permit the formula- 
tion of definitive new ones. Brief reasons for this 
statement will be presented below. 

It is scarcely necessary to point out that prog- 
ress in this as in any other branch of physiology 
depends on improvement over the methods pre- 
viously used. In this particular case progress has 
been impeded by lack of realization of the special 
anatomical difficulties involved in studies of the 
cerebral circulation, which appears to indicate 
that these have not been sufficiently emphasized 
in the past. The next article has been compiled by 
an anatomist (Batson) who has been specially 
interested in this subject, in hopes of preventing 
a repetition of such wastes of time and energy as 
calculation of, total cerebral blood flow in the 
rabbit from the volume measured in one internal 
carotid and the fraction of brain substance stained 
upon postmortem injection of dye into that vessel 
(15) ; or deductions as to the behavior of cerebral 
blood vessels from changes in blood flow through 
the internal carotid arteries of dogs (34) even 
though a few of the most direct communications 
with the external carotid system have been 
closed (3), since major communications certainly 
will still exist in cervical branches of the vertebral 
arteries, and probably in numerous other locali- 
ties as well. 

Next to a suitable animal preparation, the 
method used to evaluate the behavior of the cere- 
bral circulation is the most important factor to 
be considered. In the third article of this sympo- 
sium Gregg and Shipley, who have recently made 
a thorough comparative study of the various 
methods available for measuring blood flow else- 
where in the body (11), take up the methods that 
have been or might be used to obtain evidence 
bearing on the cerebral circulation and discuss 
the virtues and limitations of each. 


Fi;ni:iiATiox i'hogkfdixgh 




Tlif lin.'il nrlirli', hy Cobh niiii l/'nnox, ilrn}fi 
•with thi' iilrn*: now nirreiit in clinirnl cirolc.-i n« to 
thr ocftirmiro niiil co!i''.r<i\ioiirrr. of fniu'lionnj 
.ibnorsnnlitir.** of llio roivlirol vnfo'iiloliirn. 

In nil four in-.rl'i of this rynipo-ium tlioro is no 
nitompt to prrsrnt n roinploto review of the litera- 
ture on the ren'hr.sl rireulntioii, fortius hn« l>een 
vlono elsewhere (ih) (IP) (.t").Myownrontriliution 
here will l>e limitril to rtnti'ments of iinpn":sions 
ns to the present sintut of the two major ques- 
tions noteii above, with brief ri'asoits. 

1. Tf.e infn'iijff rer.fre/ 0/ If.r frri'hrnl rirrtilnlinn. 
Most of the reeent eviilenre Ivenrinpoii ihisMibjert 
has l>een obtaineii from stuilies on eats, in whieli 
quantitative measurements of eerebral blood flow 
.are prariie.ally impo'silile Iweause of numerous 
.and inaeeessiblo communie.atioii' between the in- 
tracranial and e.vtrarranial parts of the reph.alie 
circulation, lieali.'inp this, recent worhers have 
made no attempt at direrl measurements of blood 
flow but have resorted to delertion of ebanpes in 
flow by means of instrnmrnls applied directly to 
the brain. The firrt of those was a transparent 
window' Ihrouph which the (da! eirenlation could 
bo observed under the mirrosei'is' (S) (.tT). The 
Jocond w.as a thormocotiple inserted riirectly into 
the hrain tissue (2.*.) (2('>) (.11) (.111. »otli meiiiods 
ha%-c the .adv.ant.apc of nfTordinp eerlainty .as to 
the location of Bueh chanpes ns may occur, the 
difadvnntnpe of Iwinp indirect and non quantita- 
tive with respect to actual Idood (low chanpes. 
According to both methods the vessels in the 
pariet.al region of the cat's brain posses^ n %-nso- 
constrictor innerwation via the cervieal sympa- 
thetic (20) (37), a vasodilator inucrvati<m through 
the great suiicrficinl petrosa! nerve (1) (9), a 
capacity for ^ing strongly dilated l)y many (2S) 
(31) (37), weahly constricted by a few (31) (37) 
chemical agents. As n result of tlic.'e findings it 
seemed proper to conclude (31) that the blood 
vessels in the brain do possess a well dcveloircd 
capacity for intrinsic control but that tins differs 
from the control of blood ve.'scls elsewhere in 
that it depends on Ionic dilatation (rather than 
constriction) by means of chemical agents (rather 
than nerve impulses) of vessels having a high 
(rather than low) intrinsic tone, that intense 
constriction would result from diminution in this 
chemical vasodilator influence (not from vaso- 
motor nerve impulses or chemical v.asoconstrictor 
agents) and that the need for incre.ascd blood 
supply a.ssociated with jnorc.ased functional ac- 
tivity would be met through dilatation of the 
finer blood vessels by the increased amount of 
vasodilator material being produced. Because ex- 
cess CO 2 caused quite marlccd increase and di- 
minished COj a f.airiy marlced decrease in the cat’s 
cortical circulation, COj was held to be the main 


if not the role nncnl in the normal inlrituun regu- 
lation of the ceri'hral vaarnhiture (2.‘i) (.31). 

This inlerprelntion of the experiment nl fmdingn 
teemed quite sali.’tfnctory until recently, when 
Itumhe nnd I (fi) finally tuirreeded in making 
(|iiiinlilative iue;i.sun'menl« of ttilal rerehral 
blood flow in monl.ryH. An flir oh I hnow, (here art' 
tlin only nnequivoc.al qimnfilative menKiireinent.'i 
of reri'bral blond flow that have ever been inmie 
uniter rondilions appro.arhing the normal. We were 
pri'.atly Mirpri^ed to find that rerehral lilood flow 
v.-.aa niTerteil only plight ly if at till hy ohange.'! in 
GO- rontenl of the inspired air, ehangea in the 
oxygen eonlent phowing more roii'ii'itent and more 
marked elTerfs—oh'crvnt ions that have Is’en enn- 
firtneil in a pen'ea of similar ex[>erimenln jnnf 
eonehitled. We also were surprised to find that 
ptimnlnlion of the cervical symp.ithelie nerve had 
only nepligiblr effeelN on the monkey's total eerc- 
bral blood flow. In other respeets the resiiK.-t and 
interpreiniiotiN were similar to tho-n of the cal 
experimcnis : there were many ag'-nls by which 
een-bral blood ves'i'ls eonhl lie dilated but none 
at all by wbirb they eoiihl he strongly eon.ef ricted. 
.Metrarol proved to he a very cfTective rerehral 
vnsodilnlor. All (hr.«e observations liavo rcrenlly 
been ronfirmed. 

The lark of conenrdance with regard to the cf- 
fcrlsof CO- may he interpreted in one of two ways: 
either the re'pnnso of the cortex (whirh wa.s the 
only part of the brain slmiieil in (he c.at e.vperi- 
ments) is not representative of the great mns.s of 
brain substance, or ebo spccir.s differoneos c.xist. 
At present it seems prob.able that both may be 
(rue. When wc applied a thermocouple to different 
parts of the cat's brain we found distinct differ- 
ences in the response to cervical sympathetic 
stimulation, for while this caused consistent and 
quite marked vasoconstriction in the parietal 
region (2G), it was loss effective in the hypotha- 
lamic area (25) nnd ineffective in the medulla (33), 
pons (25) nnd occipital lobe (31). It is true that 
COr produced vasodilatation in all these areas, 
but since the method was not quantitative we 
cannot draw any conclusions ns to differences in 
the degree of this effect. Xo subcortical areas 
were investigated. Therefore we are at present 
without adequate information cither as to the 
distribution or the degree of the dilatation of 
blood vc.ssels produced by CO- in dilTcrenl parts of 
the brain of the cut, nnd we iiave no comp.arablo 
information at all about the state of aifairs in 
other animals except a few observations in the 
parietal area of the rabbit (31), where the re- 
sponses were qualitatively similar to those ob- 
tained in cats. 

As for species difforonccs, decision must be re- 
served until the shmc method has boon applied 
with equal success to different species of animals. 
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This has not yet been done. As just noted, we have 
used the thermocouple method in the parietal 
cortex of rabbits but in the similar attempts thus 
far made in inonkeys the responses were less strik- 
ing than in rabbits and much less striking than in 
cats. Whether this is due to faulty instrumen- 
tation or to an actual species difference has not 
yet been determined. The converse experiment — 
direct quantitative measurement of total cerebral 
blood-flow in animals other than monkeys — also 
has not yet been made. It will be impossible in the 
cat because of abundant and inaccessible com- 
munications between the extracranial and intra- 
cranial parts of the cephalic circulation (2). 
Measurements of flow through the internal car- 
otid of the dog (34) are meaningless for the same 
reason; ligation of a few of the most direct chan- 
nels connecting the internal and external carotid 
systems of the dog (3) (12) is still far from pro- 
ducing an isolated cerebral circulation because 
large, direct communications between the circle of 
Willis and the external carotid distribution still 
exist by way of free anastomoses between muscu- 
lar branches of the vertebral and occipital ar- 
teries. In the rabbit these communications are 
much less well developed, and we have attempted 
to take advantage of this fact (31). We used a 
thermostromuhr to measure blood flow through 
the internal carotid, but were unable to secure 
satisfactory in vivo calibrations (which, in view of 
previous experience with the method applied to 
the renal circulation (35) , we have come to regard 
as absolutely essential). It was in the course of 
attempts in that direction that we came to employ 
a crude bubble flow-meter, a refinement of which 
has been used for the monkey experiments (6). 
A critique of these and other methods will be found 
below in the article by Gregg and Shipley. Suffice 
it to say here that in our hands (as in those of 
others who have insisted on in vivo calibrations) 
the thermostromuhr has proved unreliable quan- 
titatively and not entirely dependable even quali- 
tatively, and we hold the burden of proof to be 
with those who claim that in vitro calibrations of a 
thermostromuhr are applicable to in vivo con- 
ditions. 

It is impossible to say at present whether the 
above-mentioned differences between the monkey 
and the cat (the greater effectiveness of anoxia 
and the smaller effectiveness of CO 2 and of sym- 
pathetic nerve stimulation in the monkey) are due 
to differences in the responses of blood vessels in 
the cortex and in the deeper parts of the brain, 
or to species variations. At the present time, 
however, our faith in the supreme importance of 
CO 2 as a regulator of the cerebral circulation has 
been shaken because oxygen appears to be a more 
important agency than CO 2 in the monkey, and the 
monkey is at least anatomically closer to man than 


to the cat. This is a point of immediate practical 
importance in the interpretation of the effcctB of 
hyperventilation, the unconsciousness of which 
has been ascribed to intense constriction of corti- 
cal vessels because of diminution in arterial pCOj 
(28) (31 ). If the cerebral vessels of man are affected 
more by changes in pO- than in pC02, hyperven- 
tilation in the presence of ano.xemia (as at high 
altitudes) should elicit much smaller effects than 
at normal ambient p02. There is nothing in the 
results thus far obtained in monkeys to justify 
the belief that hyperventilation can cause intense 
cerebr.al vasoconstriction, but the anesthetic may 
prevent such effects and further study is needed 
before a final statement is justified. At present I 
am inclined to attach greater significance to the 
monkey experiments than to any others, not only 
because these animals should resemble man more 
closely than cats, dogs or rabbits do, but also 
because they furnished us for the first time with 
actual quantitative measurements of cerebral 
blood flow. But then it appears that the recent 
trend of thought about the control of the cerebral 
circulation may have been unduly influenced by a 
situation peculiar to the cat. 

If there are variations among different animals, 
and even among different parts of the brain of the 
same animal, it is obviously desirable to concen- 
trate attention and effort on studies of the cerebral 
circulation in man. Apart from observations of the 
retinal circulation (which may or may not give 
valid information as to the behavior of the intra- 
cranial vessels and which certainly could not be 
made quantitative as to cerebral blood flow), 
direct inspection or thermocouple measurements 
in the human cortex (IS) or internal jugular (10) 
(which likewise cannot be made quantitative), 
there are just two methods that have been used in 
the expectation of measuring cerebral blood flow 
in man. These are the occlusion plethysmographic 
procedure (7) and study of arteriovenous oxygen 
differences (14) (17) (37) ( 38 ) . I believe the results 
obtained by either procedure to be untrustworthy 
because of factors that are inherent in the basic 
facts of the cerebral circulation and that therefore 
cannot be completely circumvented by refine- 
ments of technic. Reasons for this statement are 
as follows : 

The •plethysmographic technic has yielded figures 
of less than 250 ce. at rest and about 400 cc. maxi- 
mum, for total cerebral blood flow in adult 
males (7). This would mean approximately 16 and 
26 cc. per 100 grams per minute (assuming a brain 
weight of 1500 grams). The corresponding figures 
in our experiments on monkeys were about GO ana 
110 cc. per 100 grams per minute (6). The discrep- 
ancy is further increaseii if the monkey figures 
are corrected for the reduction occurring on liga- 
tion of the basilar artery, which brings the mean 
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tc 5 l\n(: iUw to alnMil So to. )«'!■ ttX' ivalivi por 
niinuto. 

U shoultl lu'Ui'vor Ix' out tliat in h to* 

ccRlrCtic? ofpimUarrNiK'tiiiU'hta tho nvotar.*' ti'.it- 
tnRCCO'bnjl !>!iwil ilow (oin'nrn'i'it'ilt \\:r< only 47 
oc.antt a vnluo eqonl to or ut'-'tor tliaii tin' iwati 
ttic. earlier exiK'riment'' vv;i« eneoontennl ooly 
oRce. in oO nniinalx 'I'lii' tnoul.ox:' u'lHt recent ly 
wro swaller niul le:-" re^i'tant to tlte ex)v'tiu\eu* 
tsl proeoiltlrea than tlio'^e o'-inl iiievioU'‘ly , I'nr- 
\\iCTnwn',nl\ tlie r<'rent inensnreuunrt;* weie inaUe 
wliile tlie rvnimals- wetx' bn'nlhini; oxyc.eii , whieh in 
ityclf ia likely to mltlre ren’liral blood Ibnv in tbe 
monkey (t'O.W'e are nneertain. rlierefore. wbeiber 
the earlier cytitnnt ex were exeerfive or tbe reeerrt 
onc-x dofirient. In any e.oe biorever, tbe tiKure 
fiven by Ferrix (7) for rex'.inp eerebral blood tlow- 
in nran is only n fraetion of tbnt eorrexpondinp 
nitli direct meastireiijenix of ren'bral blood How- 
in tbe rtronkey. 

This may of emirse mean ertber that tlve monkey 
tipurc is proportionately excessive for man, Iw- 
cauEC of t'pccies difterenees or experimental arti- 
facts, or that tbe pleibysmoprapbio melbod sy»- 
tctnatie,ally undcrv.aUies tbe true How- in man. 1 
prefer the latter explanation, Ireeau-o 1 Vinow of 
no v,alid evidence in support of the former while 
good reasons exist for sn«i>ertinR tbe latter (see 
below). Fiirtbermon', in our recent exiK'rimenls 
we collected samples of cerebral venous and ar- 
terial blood while Ine.^suriuK cerebral blood flo'v 
and thus were unidded Vo c.s t imate eerebral oxygen 
consumption under difTc rent conditions. The hipli- 
cst value in the ‘'normal" periml was 1.5 cc. jrcr 
100 grams of brain (moist weight I per minute. 
This would mean 07. 0 cc. for a 1 ,'iOO gram human 
brain. At an A-V difiercnce of S ('All tbe corre- 
sponding blood flow would be SIO ce., or 50 ce. jrcr 
100 grams, 'per minute, which is between tbe mean 
values of our two sets of cxiicriments. At an A-V 
difference of 0.S the blood How would bn about 
1000 cc., or 07 cc. per 100 grains, per minute. If 
Ferris’ X'alues for blood (low arc used, however, 
the cerebral oxygen consumption at an .A-V dif- 
ference of 8 would be 12.S cc. resting and 20.8 
cc. maximal, or 0.80 and 1.4 cc. per 100 cc. per 
minute. Cerebral Os uptakes as low ns the latter 
were never encountered in our recent experiment.s 
in monkeys whose brains were functioning well as 
evidenced by active ocular reflexes or normal type 
of breathing, while figures as low ns the former 
were met with only in moribund animals. There- 
fore, while species differences must always be 
suspected, it soems desirable at least to use these 
figures for orientation as to the magnitudes that 
may be involved and to exaramo the plethysrao- 
graphic method for inherent sources of error. 

The shortcomings of the occlusion plethysmo- 
graphic technic arc discussed in detail by Gregg 
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and Hhiplcy in the third article of thin iicricn. 
riuflWc it to say here that (he proeedtite euntnimi 
two major Kiiirrex of error, 1ml It teiutiiig to nmter- 
vidue tlm actual How ami both as yet iiiiroiil rolled 
■and ilnevaluateii. due is inability of the iijiiiml 
puncture needle to carry away tlm eerebrosjiinal 
iluid as rapitlly a*-- it is displareil by acetimula- 
tion of blood in tlie l■erebr;^! veins. The other is 
e.scape of blood from the reridirnl into tbe tijiina! 
venous sy.stem. and 1 lienee into the tbonicie mid 
lumbar veins, when (he cerehral venous pressvire. 
is raised by juv.ular oeelusioii. The error intro- 
duced by tbe lirst of tliese, while not entirely 
negligible, is pndialdy mnnli compared with the 
second, llntson, in tbe next nrtiele ot this sericit, 
points out tbe abundance of tbe roinmnnirations 
among the eerebral. spinal, and iiyslemie x’cnouH 
systems; as proof of tlie eonniolenee of Iliese path- 
ways to carry blood away from the bead be, cites 
cases of complete obliteration of the sujicrior 
vena cava in man, without nny symplom.a of 
ceri'liral vascular impairment . \Vc have frequently 
ligated the superior cavne of dogs niul rats, nnd in 
nur recent exiieriments on iiuinkcyH have routinely 
ligated botli internal jugular veins ns n ncrc.s.snry 
step toward the insertion of catheters into the 
jugular liulbs. .Although c.arcful watch was made 
for eliauges in respiration, circulation and ocular 
reflexes, no such elmnge.s were seen. Mca-suremonts 
of eerebral x'cnous pressure, made in the course of 
some of our earlier experiments (ai) during occlu- 
sion of the KuiK'rior eava, showed a sharp initial 
rise to u plateau lieyoud which no further rise 
occurred no matter liow long the occlusion ln.stcU. 
Thai the pathway for cerebral x'cnous return 
under such circum.slnnce.s is the spinal sinus 
system is siiown, nut only by the nnntomic.al 
data of Ihit.son, but also by the fact Hint when the 
communications between the cerebral nnd spinal 
venous systems nrc ligated, jugular occlusion 
produces the clinrncteristic picture ot acute cere- 
iiral anemia (28, j>. G55). 

It seems certain that the occlusion plolhysmo- 
graphic tccimic cannot reveal the cerebral blood 
flow that existed before the jugulars were oc- 
cluded, because the proportion of blood leaving 
the bruin by way of the spinal sinus system must 
increase n.s cerebral X’cnous pressure rises during 
jugular occlusion. Whcllicr the method can 
properly be used for comparative purposes is de- 
batable. It might be so used if the proportion of 
total cerebral blood How passing from the cerebral 
into the spinal sinus system, and of that Ic.aving 
the latter to enter the tributaries of the azygos 
and lumbar venous systems, were to remain con- 
stant in the face of probable alterations in the 
various pressures involved, viz. pressures in the 
cerebrospinal spaces, cerebral and spinal venous 
sinuses, superior caval (jugular and azygos) and 
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inferior caval (thoracic and lumbar) systems, as 
well as the intrathoracic and intraabdominal 
pressures. Constancy in the relationships among 
these factors would be difficult if not impossible 
to secure in living human subjects. The extent to 
which variations among them would modify the 
results will have to be ascertained by direct ex- 
perimentation. In my opinion, this should be done 
before the method is further used or its results 
further accepted, even for comparative purposes. 

The arteriovenous oxxjgcn difference has been 
used by one set of workers to elucidate the meta- 
bolic activity of the brain on the assumption that 
cerebral blood flow remains unchanged, by another 
set to detect changes in blood flow through the 
brain on the assumption that cerebral metabo- 
lism is unaltered. Direct evidence bearing on this 
question has been obtained in our recent experi- 
ments (32) in which cerebral venous and arterial 
blood samples were collected while cerebral blood 
flow was measured, thus enabling us to obtain 
direct information about the correlations among 
cerebral A-V oxygen difference, cerebral blood 
flow, and cerebral metabolism. We found that 
changes in the A-V difference could be correlated 
reasonably well with either the blood flow or the 
metabolism in a given animal and within rather 
narrow limits, but neither correlation could be 
depended upon when the data were viewed as a 
whole. The only consistently valid correlation 
was that between cerebral metabolism and cere- 
bral blood flow, for this seemed to hold good 
under all conditions compatible with functional 
activity in the brain. 

The excellence of this correlation might mean 
either that cerebral blood flow in some way deter- 
mines cerebral blood flow, or that an intrinsic 
. mechanism exists whereby the blood supply of the 
brain is automatically adjusted to its metabolic 
requirements. We prefer the latter interpretation 
because, in some of our best-conducted experi- 
ments, we were able to alter the cerebral blood 
flow in either direction without corresponding 
change in cerebral metabolism or functional ac- 
tivity. But if this interpretation is accepted, it 
follows that the intrinsic cerebral vascular con- 
trol, if it functioned perfectly, would completely 
prevent any change in the A-V oxygen difference 
even though the metabolic activity of the brain 
had changed considerably. Changes in the A-V 
difference would signify onl 5 ' that this mechanism 
was not completely successful, without of them- 
selves giving any indication as to whether cerebral 
metabolism or cerebral blood flow was primarily 
involved. 

Another fallacy in the cerebral A-V difference 
of 0: (or anything else) is the irregularity in the 
communication among the cerebral sinuses. As 
Batson points out in the next article, the venous 


return from the entire cerebral cortex may pass 
through one internal jugular, that from the lateral 
ventricular and choroid plexus systems through 
the other. Samples of blood drawn from the two 
jugular bulbs might therefore differ considerably 
in chemical composition and deductions concern- 
ing metabolic events in the brain as a whole would 
be correspondingly invalidated. 

Thus it appears that changes iii the cerebral A-V 
oxygen difference cannot be interpreted either in 
terms of cerebral blood flow or cerebral metabo- 
lism. That the situation is more complex than it 
was thought to be is illustrated by the effects of 
COj inhalation, which has been found to decrease 
the A-V oxygen difference in man (37). The con- 
clusion that this proves the presence of a marked 
increase in cerebral blood flow must however be 
tempered by the fact that a similar decrease in 
cerebral A-V oxygen difference occurred during 
CO: inhalation in dogs whose cerebral blood flow 
was kept constant by means of a perfusion pump 
(23). The reason for this is unknown; reappor- 
tionment of blood among different parts of the 
brain was suggested (23) but a narcotic-like de- 
pression by CO: is equally possible. 

The two methods that have been used for quan- 
titative studies of the cerebral circulation in man 
therefore appear to be fraught with so many 
uncertainties that the results obtained by them 
are of limited value until some of . the above- 
mentioned sources of error have been excluded, or 
at least evaluated. It is unfortunate indeed that 
now’, w’hen data concerning the behavior of the 
human cerebral circulation are urgently desired, 
the only thing that can be said is that a con- 
siderable amount of fundamental research will 
have to be done before such data become avail- 
able. Yet in the past the first step tow'ard real 
advances in clinical experimentation has often 
been dissatisfaction, with the methods previously 
utilized, and it is to be hoped that history will 
repeat itself here. 

The effect of drugs on the cerebral circulation 
is of considerable practical importance. Observa- 
tions on total cerebral blood flow in monkeys (6) 
agreed with those previously made by less quan- 
titative methods in cats and rabbits (31) (37) iD 
indicating that there are many drugs by w'hich the 
cerebral vessels can be dilated, none by w’hich they 
can be strongly constricted. One important differ- 
ence how’ever was that epinephrine and its con- 
geners (benzedrine, ephedrine) showed a distinct y 
greater tendency to constrict the cerebral vesse s 
of the monkey than those of the cat or rabint. 
Subsequent experience (32) has confirmed this 
impression, for in our' recent experiments on 
monkeys epinephrine or benzedrine, given m 
travenously in dosage large enough to raise t 
blood pressure, caused less of an increase in core 
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bral Miwi fU'W tlinu woiiht K' cxix'oliMi til tlif* 
liipWr ^wssuro. lii tu> otv-i', luiwovor, litix llii'ii* 
IxK'n a tioftv:i!=i' in tUnv Ix'tmv tin' cunt ml Irvol, 
smi thorv is in' ma'-nn to K'lit’vo ilwil ilruRs 
could over ctui'o nn notiiid pj'ti' in of oondiral Idmid 
ws'u'ls.Tlio cnnvul'-ant dnitv* niolrtirol nml picro- 
U'vin caiirod only nn inrr<’,'i-.i' in n’rol>r;il lilooil 
ilo'V nt the time of ronvnlsionx. ilioucli n pi-riml of 
decrease Ixdoiv the rontrol level typicnlly oc- 
curred aflcrwnrd. The only dniK tlinl we have 
found cnpnl'lc of prodneini; a iliniinntion in eere- 
hral Wood flo'v intense enouKh to he desipnntod 
spnsni is cornininc; tin- eifeel nns immediate hut 
Irnnsitory and was asvnriateil with depression of 
circulation, respirnlion nnd ocular relieves; re- 
covery of all these functions then ensued nni! the 
convulsanl effects of the dniu lH>rnme manifest 
topclher with nn inru'ase in flow ahove the con- 
trol level. The sipnifieanre of these relationships 
is at present oKscurc, hnt it is at least possihle to 
say with confidence that the eonvnhant tietion of 
nictr.atol nnd picrotoxin is not due to intense 
constriction of ccrehrnl Wood vessels nnd the 
spasm produced by coramine is associated with 
depressant, not Flimulnnt phenomena. 

2. The effect of neiitc cerebral i:tirr:u: on cerebral 
functions. At the out'ol it sliotihl lie made clear 
that the ability of anoxia (however produced) to 
depress the activity of nerve cells tin the hrain or 
elsewhere) is not now .and is not likely ever to lie 
called into question. The liotihts which now exist 
have to do with the stimulant effects of anoxia of 
lesser intensity or duration than tliai which clicit.s 
depression. Hcasons for tlio douhls are as follow.s: 

Tirst, reflexes from the carotid (and aortic) bod- 
ies arc cap.able of accounting for some stimulant 
. phenomena that in the past have been uiihcsilal- 
ingly attributed to direct anoxic stimulation of 
the central nervous sjaitem. This has been defi- 
nitely proved with regard to the hyperpnea, hy- 
pertension and tachycardia of anoxemia (see (2S) 
(29) (30)). The vomiting nnd convulsions of acute 
anoxemia may or may not be reflex in origin. Our 
attempts at settling this point were frustrated by 
mability to produce such effects in dogs, but 
intravenous injections of cyanide were found to 
elicit violent convulsions, a.ssociated with un- 
consciousness and followed by pro.strntion and 
w'eakness, often by x-omiting (27). These phe- 
nomena were either entirely abolished or greatly 
attenuated by denervation of the carotid and 
aortic bodies (27); the weaker stimulant cfleet.s 
■ sometimes observed after the denervation were 
associated with circulatory depression (in con- 
trast with the stimulation scon in the intact 
animal) and may have been due to this (27). The 
convulsions, unconsciousness and other effects 
seen in the intact animal were not due to alkalosis 
consequent on the hyperpnea that preceded them 


hi'caust' till’ piitti’iii will' nut e.x.Mnntiiitty alien'd 
when llie iiiiiiiml wan made In lirealtie 7’!',, COj 
ihri'iiglimil the I’lilire iihiervatina period, Tlieio 
is liltle donlit therefore timf ihe dint iirhiinco 
lU'l lip in the eentral nervoim ayateni by strong 
stimulation of the rlienioreeeptora can extend far 
iM'yimd the respiratory, va.>ioniotor and eardio* 
regulatory I'enlera. 

tVliellier the eonvutHioiiH of acute eerehnit ane- 
mia (the ‘'Kii'eimaiil-Teiiiicr spaaiiiH"), ii.h well 
as Ihe hyperimea, hypertension, and chaiige'i in 
heart rale that oeetir when the earolid and verte- 
bral arteries of a reactive animal are occluded, 
could also be. n'ferred to reflexes from the chemo- 
n'ci'iitors, is at prei'ent imccrtaiii though by 
no nie.sns iniprohable. It is true that oeclii.sion of 
these ves-els .still eaiised some ulimulation of 
resptr.aliou nnd riroulnlioii after denervation (21), 
but it i.s nl.so true that Iheslirnulant effects tended 
to lie greatly reduced by the denervation in the 
.sin.all number of experiments so far performed. It 
is not at all unlikely that when the earolid nnd 
vcrtcliral arteries arc abruptly closed carotid 
prr.ssurc may fall so low as to reverse the flow of 
blood through the carotid bodic.s and permit 
venous blood to enter them (29), or there may 
simply be sta.si.s and dcoxygennlion of blood in 
contact with the carotid body receptors (30). 
Thus the possibility of arousing strong refle.\cs 
under hupIi circunvslanccs is by no means fnnln,s- 
tic, nor is their capability of then jirodiicing the 
familiar stimulant pattern, but the subject ob- 
viou.sly needs further investigation. 

The second type of evidence ha.s been obtained 
from experiments in which total cerebral anemia is 
induced by rapidly elevating the cerebrospinal 
prc.s.surc to a level higher than the arterial. Many 
such observations have been made (sec (37)) but 
a-s far as I know none have shown more than slight 
nnd transitory stimulation of respiration when 
the .anemia nppro.achc.s or reaches lolalily and in 
my own experience hyperpnea is the e.xccption 
rather than the rule. There may be some move- 
ment of the limbs at the first injection of fluid, 
but ibis could be due to sensory impulses from 
the meninges rather than to direct involvement of 
motor neurones. In any case tlicrc is nothing re- 
sembling the violent dyspnea and conxnilsivo 
movements associated with occlusion of the 
carotid and vertebral arteries. 

The interpretation of these findings is not satis- 
factory without .additional facts that are not 
ax-nilable. The anoxia elicited by elevation of 
cerebrospinal pressure to a level higher than that 
in tlic aorta is total because all of the ccrcbr.al 
vessels must then be empty of blood (see (37)). 
One might assume that the neurones of the central 
nervous system are almost immediately inac- 
tivated under those circumstances and thus e.v- 
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plain the absence of stimulant phenomena. But 
this cannot be true of the vasomotor center, the 
activity of which is progressively increased as 
cerebrospinal pressure rises (28) (37). Perhaps 
the latter are the only nerve cells to be stimulated 
by total cerebral anemia, but that conclusion is 
too important to be reached without further evi- 
dence. It is noteworthy that the period of anemic 
anoxia must have been preceded by one of stagna- 
tion because the first effect of the rise in extra- 
vascular (intracranial) pressure must have been 
to stop the flow of blood on the venous side, 
where the intravascular pressure is lowest. The 
onward flow then must stop while the vessels re- 
main full of blood, and it may be for this reason 
that respiration persists until the rising cerebro- 
spinal pressure is within a few millimeters of the 
arterial, or returns as soon as the former has fallen 
or the latter risen until they are nearly identical. 
It is improbable that the pressure in the capil- 
laries in contact with the respiratory center is 
practically equal to that in the aorta when there is 
an onward flow through them, but these observa- 
tions strongly suggest that the presence of blood 
in the capillaries supplying them is of the utmost 
importance to the ability of nerve cells to main- 
tain their activity, even though there is little or 
no onward flow of the blood. 

In view of these findings it is not possible at 
present to state categorically whether the effects 
of cerebral vasoconstriction would be stimulant 
or depressant to the activity of the part of the 
brain affected. The vasomotor theory of epilepsy 
has been abandoned (IS) and if our results with 
metrazol and picrotoxin can be taken as repre- 
sentative convulsant agents cause an increase, not 
a decrease in cerebral blood flow. In monkeys in 
which cerebral angiospasm is present we find 
respiration gasping or absent and ocular reflexes 
abolished, and metrazol then fails to cause con- 
vulsions. All these findings obviously apply to 


the depressant stage of anoxia; they do not ex- 
clude a preliminary stimulation, but of the latter 
we have as yet seen no definite signs. 

Pertinent observations in man have been made 
by inducing positive or negative acceleration. 
Positive acceleration causes cerebral anemia and 
leads to dimness of vision (“gray out”) or tem- 
porary blindness (“black-out”), which may 
quickly be followed by loss of consciousness; 
recovery is prompt and there are no sequelae 
(1) (22). Negative acceleration causes cerebral 
congestion and manifests itself as red vision fol- 
lowed by blindness, mental confusion and even 
loss of consciousness (“red-out”); it is followed 
by severe, prolonged headache (1) (22). In neither 
case arc convulsions or other stimulant effects a 
prominent feature before or during- the period of 
loss of consciousness. As far as one can judge from 
these observations , neither acute anemia nor acute 
congestion of the brain of man characteristically 
causes stimulation before depression, but only 
depression which may perhaps be followed by 
stimulant phenomena. 

These remarks should suffice to support the 
statement, made earlier in this article, that exist- 
ing evidence bearing on the practical application 
of the physiology of the cerebral circulation is 
sufficient to prove the older, simpler viewpoints to 
be untenable in their original form, but insufficient 
to xvarrant the construction of definitive new’ ones. 
Reasons for the existence of this unhappy situa- 
tion will be found in the two following articles 
dealing with the anatomical and instrumental 
difficulties involved in studies of the cerebral 
vessels. If, bj’ placing these various aspects of 
the subject under a single heading and including a 
summary of current clinical viewpoints, others 
may be stimulated to fill in missing items of in- 
formation, or to attack these problems with better 
prospects of success, we shall all feel amply repaid. 
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ANATOMICAL PROBLICMS CONCERNED IN THE STUDY 
OF CEREBRAL BLOOD FLOW 
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Or(;ans ndth pcdtclw (liroupli n'hicli (ho mnjor 
blood v(»$c!s enter .and Ic.avc arc mo.it favorable 
for the Bludy of blood flow. Next arc tlio?c with a 
hilum in which the vessels arc pronped. If the 
arterial side is used to mca.sure tlio blood (low, the 
integrity of the stream must l)o maintained. On the 
venous side, it is permissible to mc.asurc tlic out- 
flow directly by colleciion. Tliis provides, at the 
same lime, the data for determininp tlic r.itc of 
flow and one of the required blood samples for 
studies of tissue metabolism. If tiie anatomy 
permits, the study of the venous outflow would 
seem preferable. Tubular organs, even if they 
possess a pedicle, have a comple.x vascular supply 
system. The brain, witli its multiple ves.scis of 
entrance and exit, and ncillier hilum nor pedicle, 
retains tlic characteristics of its embryonic tubu- 
lar origin. The anatomic relations arc so complex 
and vary so much, between individuals as well as 
from species to species, that groat care is neces- 
sary to obtain valid results. If the rate of flow is 
to be measured on tiio arterial side, an c.xpcrimcn- 
tal animal is required in whicli it is possible to 
include all of the blood going into tlie brain and 
to exclude all going elsewhere. The anastomoses 
between arteries are so great that it is desirable 
to pick up the selected vessels as near to their 
entrance into the brain ns possible, in order to 
lessen the possibility of disturbing anastomoses. 
The number, ns well as the size, of anastomotic 
vessels is important. 


A brief analysis of the feature.? of interest in the 
well known blood supply of the brain in man will 
serve to clarify the problem, nnd nl the s.amc time 
serve ns n stnrtinp point for considcrinp the 
nnntomic peculiarities encountered in available 
cxpcrimcnlnl .animals. 

In man, each of the paired common carotid 
.arteries divides to form the interna! nnd external 
c.arolids of its side. Tlic interna! carotids give 
off no brnnclics before entering the skull. After 
entering the skull, but before joining the circle 
of AVillis, there arc a few minute branches, too 
sm.all to be of Bignific.ancc, nnd the ophthalmic 
artery. The oplithalmic artery, in addition to 
supplying the strictly neural tbssuo of the orbit, 
is distributed to the lacrimal apparatus, the 
ocular muscles, and p.art of the nasal mucosa. 
In animals having n similar anatomy for the 
ophthalmic artery, tliis e.xtrnccrcbrnl circulation, 
while probably not of an amount to seriously dis- 
turb results, must be taken into consideration. 
Tlio internal carotid arteries in man arc the major 
source of arterial blood for the brain. Bilateral 
compression of the common carotids in the neck 
is followed in a few seconds by unconsciousness. 
One common carotid artery can be ligated in man, 
on occasion, without ill effect. The hemiplegias 
that have occurred following ligation may have 
been due to the anemia or, according to Dandy 
(1), to an embolus produced by the ligature.' 
Dandy recommends a preliminary testing of the 



140 


FEDERATION PROCEEDINGS 


effects of simple compression before operation, 
in order to evaluate the anatomic adequacy in the 
particular patient, and a slow ligation to prevent 
embolus formation and to develop collateral 
channels. The need for preliminary tests indicates 
the variations in human anatomy. - 

The paired vertebral arteries in man take origin 
from the subclavian arteries, and as they course 
up the neck, unlike the internal carotids, have 
numerous branches, the rami spinales, to the 
neighboring muscles. In man, these do not have 
great significance, but in some comparative forms 
with large neck muscles, these connections might 
be a major source of error. Once inside the skull, 
the vertebral arteries and their united continua- 
tion, the midline basilar artery, distribute numer- 
ous branches to the brain in the posterior fossa. 
The basilar artery resolves into the paired pos- 
terior cerebral arteries, which are a part of the 
circle of Willis. 

While making injections, I have seen small 
arteries crossing the subdural space from the dura 
to the brain of man, particularly near the anterior 
end of the falx. Because of their small size and 
variability, they cannot be considered significant 
in the arterial supply of the brain. 

Before leaving the arteries in man, the signifi- 
cance of the anastomoses between the two exter- 
nal carotid arteries must be outlined. These anas- 
tomoses are so rich that little discomfort is 
experienced after the ligation of a common carotid 
artery. Mont Reid (2) gives a complete discussion 
of this in his paper on arterio-venous fistulas. 
He shows that after ligation of a common carotid 
artery, its internal carotid, because of the anas- 
tomotic connections between the external carotids 
of the two sides, is fed through the external ca- 
rotid artery .To occlude the internal carotid artery, 
Reid therefore ligated the conunon carotid and the 
external carotid. In an animal with similar rela- 
tionship, a parallel procedure would permit the 
isolation of the internal carotid without disturb- 
ing the carotid sinus region. 

In brief, in man the two large internal carotid 
arteries and the two small vertebral arteries enter 
the skull and supply the brain. They intercom- 
municate to a variable degree through the circle 
of Willis, and through anastomoses between ar- 
teries on the brain surface. The variation in size 
of these arteries and their communications deter- 
mines the safety with which one internal carotid 
artery may be ligated. 

In an animal similar to man, to study blood flow 
of the brain on the arterial side, the internal ca- 
rotid arteries are the only vessels readily exposed. 
The vertebral arteries would have to be isolated 
or occluded after they attain the posterior cranial 
fossa. The ophthalmic arf cries are the only signifi- 


cant arteries that leave the cranium for non-neu- 
ra! distribution. 

The channels for the return of venous blood 
from the brain are very complex. An adequate 
concept of the problem is difficult without the 
study of corrosion specimens and other special 
injections. Because of the great number of cerebral 
veins that parallel each other, the low level of the 
venous pressure, the absence of valves, the direc- 
tion of flow in many of these must be reversed 
frequently. The veins leave the brain and cross 
the subdural space to adjacent dural sinuses, into 
which they empty. Most of the veins from the 
cerebral cortex joih the superior longitudinal 
sinus. However, several named anastomotic veins 
open into the transverse sinus near its sigmoid 
portion. The superior longitudinal sinus enlarges 
as it goes backward, and at the tentorium, with 
the two transverse sinuses and the straight and 
the occipital sinus, forms the torcular (winepress), 
or the confluence of the sinuses. Either name 
implies a misconception of function. “Occipital 
dural plexus” might better be applied, for only in 
a small number of cases do the vessels unite so 
that their contents flow together. 

Three vessel patterns are recognized here; 1 - 
The superior longitudinal sinus continues as the 
left or right transverse sinus — usually the right. 
The straight sinus flows to the opposite side. 
Small channels effect an imperfect anastomosis. 
2 . The superior longitudinal sinus divides and is 
distributed about equally to the right and left 
transverse sinuses. 3 . There is a true confluence of 
the several sinuses. Blood coming from straight 
sinus is from the veins of the lateral ventricles 
and the chorioid plexus, and might be quite differ- 
ent from that coming from the sagittal sinus which 
drains the cerebral cortex. In those cases in which 
there is no true confluence, the blood in the two 
internal jugular veins would differ correspond- 
ingly in its chemical composition. 

Leaving the cranium, the jugular bulbs, because 
of their large size and direct continuation with 
the lateral dural sinus, have received most at- 
tention. There are many other venous pathways 
from the cranium, however, that do not join the 
internal jugular vein until a much lower level. 
The so-called sinuses on the skull base, such as 
the basilar, the cavernous, etc., are really plexi- 
form networks which communicate with similar 
meshworks within the bones of the skull base, and 
the pterygoid plexus of either side, below the skull, 
and the veins of the orbit. Every nerve and ar- 
terial foramen in the skull base transmits'some 
veins in this network. 

From a corrosion preparation, one could de- 
scribe this intracranial, extracranial, and intra- 
osseus network as a single venous plexus in which 
the bodies of the sphenoid and the occipital bones 
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arc cmbcdilcd. Tlioyc cliaimolr. of out How from the 
cranium, aUliouf.h imlividually rinail, arc too 
mimcroii'! to he <!isn'i;.iriicil. 

In the inmes of t he calvarium I here arc t wo aorta 
of veins; those veins wliich oolleel the metnholitea 
from the bone itself, nni! tincu' which art aa hj- 
passcs Ix'twTcn the liural sinuses ami the extrn- 
cr.anial circulation, or hetween liilTerenl ilural 
einuscs. Since tiiorc is free union lietueon the ves- 
sels carryiiiR the luetaholitcs from the hone ami 
those from the dural sinuses, tlien' is a dilution of 
the venous return from the hraiii. Tlie amount of 
blood from the hone can he estimated hy notitiR 
the sire of the revend mcniuiteal arteries, for the 
racninpcal arteries arc the nutrient .'irlerics (or 
the skull. In man, the antciior mcninpen! artery 
is .a tcrmia.al twip from tlie internal carotid. It 
is too small to bo of sipniheanee. The middle and 
posterior mcninpe.al arteries arc hranchea of tlic 
external carotid artery. Tlio middle mcninpcnl is 
the only one of these of larpe sire. The veins in 
the skull vault communic.atc with the sui>orricial 
venous circulation throiiph emissary veins. The 
E.amc n.amc is used for those direct communicat ions 
between the dural sinu.«rs and the superficial 
veins. Ordinarily these cmi.s-s.ary veins nrc not of 
a caliber to make them sipiifioanl in quantitative 
studies of blood (low. However, occ.asionaliy one 
finds an entire sigmoid sinu.s draininpout throuph 
a mastoid cmissarj- vein. These mastoid emis- 
saries arc generally the largest, and .subject to tho 
most v-arialions. In any animal spccic.s presenting 
the same vessels with a degree of variability com- 
parable to man each individual rvould have to bo 
-studied, to find whether such channels were of a 
size to interfere with accurate quantitative work. 
The large diploctic channels mentioned above, 
sometimes called the diploctic veins of Brcschet, 
enlarge with a chronic increase in intracranial 
pressure, Tho illustrations of tho diploctic veins 
seen in the textbooks and .atlases obviously do 
not represent the average condition. A radio- 
graphic survey of some sixty calvaria disclosed 
less than ten large enough to cast a distinct 
shadow on the x-ray film. In the human, therefore, 
this circulation in the calvariiun raises two points 
of interest: the mixture of cerebral blood with 
cranial blood in tho diploctic veins; and the 
several unpredictable communications of the 
cerebral circulation with tho vessels of the scalp 
by way of the emissary veins. 

This brings us to a most significant feature in 
the cerebral venous drainage — the network of 
veins which begin with the dural sinuses of the 
posterior cranial fossa, and extend the entire 
length of tho spinal column. This plexus requires 
special methods of demonstration, and for that 
reason is not frequently studied. The best account 
and the best illustrations were provided by 


HrwliPl (.1). Thin loii|;iludinal ph'xmi has hren 
divided in(o scvctal parts. 1 have reported (-1) 
the ease with whieh (low lakc.'i phiee from etu! to 
end. The internal vertebral plextw orenpies the 
iqmee hetween the ditr.a milter fipinnliii and the 
hone of the spinal eanal. 'J'he e.xlenial vertehriil 
plexus surroundii the verlehrnl iirehe.s and lies'in 
the deep h.aek miisele. At least three paini of 
lonpitiidiiinl nelworka can ha dtiilinpuished: tlio 
pair in front of the dura; n pair behind the spinnl 
dura; and n iniir on tlie aide of the verlohral apinc. 
Opposite the middle of tlie hodtea of tlic vortebnu! 
there is a larpe triinsven (‘ eonnertion hotween the 
lonpitiidiiinl ehain.s. .Many ainaller, iriepiilar, 
connections unite all parta of this into a giant 
linciir plexus. At earh interverlehrai apace there 
.arc eominunieatioiis with the inlnieavily veins 
of the thorax and nhdoiueu, with the intercostn! 
vein.s, and with other veins in the body wall. In 
the neck there .are luimeroii.s junctions with the 
veins of tho neck vi.scera and Iho.se of the shoulder 
girdle. Other ve.'.scls po through e.ach vertebra, 
also uniting the intracavity vcs.scls with thc.so 
spinnl vessels. Since many of thc.se veins nrc 
wholly surrounded by bone, we nrc not justified 
in considering them a blood lake, r.alhcr they nrc , 
clinnncis providing constant interchange of blood 
between tho ccrcbro-spinnl grouj) of veins and tho 
inlrncavily veins. This plcxlfonn network is 
without valves, and many connections with the 
c.avilics are without functioning valves. Tho total 
cross-sectional area of this system ns it leaves tlio 
cr.anium has not been calimalcd. Prom corro.ston 
prep.arations it appears greater than the combined 
.area of the two jugulars. This docs not of necessity 
mean that the carrying capacity is greater. There 
e.xists considerable clinical evidence ns to the ca- 
p.acity of this chnimol. In man, both internal jugu- 
lar \-eins liavc been ligated, cither simultaneously 
or within twelve hours of each other, a sufficient 
number of times without disaster to indic.atc that 
this vertebral plexus is sufficient to take over tho 
entire drainage of blood from the cranial cavity 
(5) (0). This bilateral ligation has ordinarily boon 
used only in c.Tses of severe bilateral mastoid dis- 
ease. If bilateral jugular ligation can be success- 
fully practiced under these conditions, the plexus 
must be assumed to be one in constant use. 
Mcltzcr (5) reports that, in his case, there was no 
change in the eyegrounds after ligation of both 
jugular veins. 

. Another interestingsorics of cases presents more 
striking evidence of the adequacy of this set of 
channels. I have had the opportunity to studj' in 
some detail three cases of effort thrombosis in- 
volving vessels at the root of the neck. One case 
has been particularly informative because there 
is x-ray evidence of total occlusion of tho superior 
vena cava and the vena azygos major. This has 
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typical. I am inclined to feel that authors report- 
ing similar areas of irrigation in a series of ani- 
mals are only reporting the use of similar injection 
methods. As for the materials used for injections, 
it must be borne in mind that the color ground 
for artists passes through capillary beds' quite as 


readily as w.ater-soluble stains such as soluble 
Berlin blue. It is difficult to believe that in an 
organ like the brain, with rich anastomoses be- 
tween arteries of visible size, one can obtain data 
sufficiently accurate for quantitative studies in 
phj’siology by anatomic injection. 
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EXPERIMENTAL APPROACHES TO THE STUDY OF THE CEREBRAL 

CIRCULATION! 

DONALD E. GREGG and ROBERT E. SHIPLEY 
The Deparlmeni of Medicine, Western Reserve University, Cleveland, Ohio 


The development of adequate methods and the 
overcoming of instrumental obstacles is an es- 

■ Lial preliminary to the solution of problems 

-rV, ., with the circulation. The object of this 

■ 1 ■ I i‘ cation is to discuss the various devices 
and procedures that have been or could be used 
to study the cerebral circulation and to point 
out their respective merits and shortcomings. 
Such considerations should reveal the proper 
basis for the interpretation of the present and 
subsequent studies of the circulation of the brain. 

Changes in pial vessels. Changes in diameter 
of the pial vessels of anesthetized animals have 
been observed through a tightly closed skull 
window with the aid of binocular microscopes 
and photographs, the space between the glass 
and brain surface being filled with Ringer’s solu- 
tion (1, 2). The arteries in this group of vessels 
range down to a small size but include few if any 
arterioles. The changes in their external diameter, 
as observed under various conditions (drugs 
locally applied or. injected, nerve stimulation, 
changes in blood pressure and chemistry) are 
undoubtedly correct. The extent to which these 

‘ Supported by a grant from the Conunonwealth 
Fund. 


observations on the pial vessels apply to the 
unanesthetized state or the extent to which al- 
terations in their bore may regulate flow through 
the brain substance has not been determined. 
From the limited fields of micrometric observa- 
tion, investigators in general have exhibited a 
laudable restraint in drawing conclusions con- 
cerning any changes in vasomotor state existing 
in the blood vessels in other portions of the brain 
or in the arterioles and capillaries within the brain 
substance. Although it would be reasonable to 
expect that constriction of the pial vessels would 
be accompanied by a decreased blood flow and 
their dilatation by an increased blood flow, no- 
evidence is available to indicate that the arterioles 
deeper in the brain substance do not exercise their 
own vasomotor control over the rate of blood flow 
independently of the larger pial vessels. Signifi- 
cant interpretations will be possible only when 
subsequent studies are able to reveal a positive 
correlation between rate of blood flow and size 
of pial vessels. 

Perfusion technique. A considerable amount 
of information has been gained from experimental 
preparations in which the brain is perfused with 
blood by a mechanical pump (3, 4). Such a prep- 
aration may be likened to that of the heart-lung 
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or ifolatcil liMrt nr \irpil (or ntudior o( the f anlinr. 
circiilntion. Tho iiin’m virl\u’ of inioli porfiirtou 
tcolmiquc is that tlio rcvornl vnrinbli's ran ho 
controlii'd mill the rSTect of miy olio tuny ho do* 
tcrmviiod srswratoly. llowi'vor, tho oNyja'n ooit- 
sinnptiou, A-V o\yf.oii dihorouro mid hlmul How, 
nil so onsily inonr-iirod, luo dotorniinod utulor rtioh 
uniihjnu'loRicnl oonditioiir- (hnt tho ohntiRen oh- 
servod nro of qurstuninhlo rdpnihomirc mid only 
with considornhlo rrsorYnlimis omi they ho nnid 
toapply to tho normal intact corohral circulation. 

Mr.\m:ur.\ir.NT or nucon n.ow with inptuw- 
Mr.NTs nrovnniNG m'.vr.uiNo or ni.oon vrssr.i.!!. 
The direct qiiantitativo nioaniromont. of total 
ccrchral arterial inflow rcipdros tho iiicasiiromont- 
of the blood flow in all arteries supplying tho hrain 
or the mc.afiircmcnt of flow in one or more arteries, 
tho remaininp ones havinp been tied. Flow meas- 
urements made in only one artery (the others be- 
ing left untied) may or may not indicate correctly 
tho directional changes in total blood flow to the 
brain. Even if the remaining arteries arc tied and 
total arterial inflow is then me.asnrod, tlic prepara- 
tion becomes suflicicntly removed from the normal 
as to limit the interpretation of rcsvdts. 

.K number of instruments are available with 
which reliable mc.miurcmcnts of blood flow may 
be made. In each ease, the instrument must be 
inserted between tho cut ends of a vessel. The 
venturimeter (3), Pitot lube an<l orifice meter 
(5) arc basically the same in operation and record 
the pressure dificronce between two points in the 
flowing slrc.am. Tho pressure difference, which is 
proportional to the flow, may be read from water 
or mercury manometers, or in the ease of the Pitot 
tube or orifice meter, the recording device has a 
sufficiently high natural frequency as to permit 
optical recording of the rapid phasic fluctuations 
in velocity of blood flow (flow pattern). The rota- 
meter (G) is a tapered vertical tube within which 
tho height of a metal “float” varies with the rate 
of blood flow. This device is being extensively 
used to record mean flow in the coronary and 
peripheral circulation. More recently, a small 
special rotameter has been devised with an elec- 
trical unit for Continuous optical recording of flow. 
Mean rate of flow may also be measured by timing 
the piassage of an air bubble through a glass tube 
of known length and volume (“bubble meter,” 
Dundee and Schmidt, (7)). Of these instruments, 
only the venturimeter and bubble meter have been 
used to quantitate cerebral flow. 

All of these devices have advantages and dis- 
advantages. As a group, they permit accurate 
measurement of blood flow. Some have individual 
technical advantages. For example, the rotameter 
and orifice meter permit continuous recording of 
flow changes. All Hndt flow to a variable extent 
and have the disadvantage of requiring their 


inrertion into the revered verrol of nn operated 
and aneslhctired animal to which nnli-eoagiilnntr 
have been given. There requircmciitn mnal induce 
a v.’iriable and unknown degree of imnilt to the, 
nervous, metabolie ami cnrdiovaneular aystem 
and thetefoie, the interpretation of the results in 
tetms of the normal animal in nerefsarily limited. 

Mr,A(ufni’.Mi:sT or m.oon ri.ow in 'iitr. intact 
ni.oon vr.ssr.i,. These metlimia do not retpiirc 
severing of the blood verse] or the use of nnti- 
rongul.nnts and in most instanre.s enn lie used in 
the uiunicsthctired stale. 

Thrmoftromuhrs, Change.^ in mean blood 
flow tbrough vessels, including tbo.se supplying 
Ibe brain, have been determined indirectly by 
recording tlic temperature difference of two tber- 
innl junction.s applied to nn unopened verre! 
when the vessel and blood between them arc 
heated by mc.ans of bigb frequency current (Uein, 
S) or direct current (Schmidt am! Walker, 0, 
llaldcs and llcrriel:, 10). Inasmucli as these, three 
types of tbormostromubrs are nubjent to essen- 
tially tho same errors, they will be considered 
logetber. 

Schmidt and Hendrix (11) first suspected that 
this device (inrludiiig their own) was subicct to 
a number of po.-sible sources of error, the collec- 
tive effects of which routd not be predicted, 
identified or controlled. Subsequently, extensive 
tests (12, 13) of the in.strumcnt (llaldca-llcrrick 
type) made in vivo, and in vitro have indicated 
that the rclationsliip of galvanomclric deflection 
to rate of lilood flow will vary with 1) the artery 
used .and its degree of stretch, 2) the position and 
degree of augulnlton of the unit witli respect to 
the artery, 3) the presence of periods of r.cro flow 
or back flow in the flow pattern of llio metered 
fluid, >1) the composition of llio immediate environ- 
ment, G) movements of extra- and intravn-scular 
fluid in the environment, and C) viscosity of the 
metered fluid. Changes in the flow pattern arc of 
p.arlicular importance. Many experiments have 
shown that wlicn tlie actual intra-arterial mean 
rate of flow diminishes and short periods of back 
flow appear in tho flow pattern, the ihcrmostro- 
muhr may indicate a very large increase in flow 
(12). Tho flow p.attcrns of all arteries thus far 
recorded with tho orifice meter either normally 
contained backflow, or it could be induced by the 
injection of drugs and other procedures (14). 
Since there is no assurance that the instrument 
will indicate correctly quantitative or even di- 
rectional changes in flow, tho use of the method is 
not recommended. Here, as with other methods, 
the use of a sound basic principle with the intent 
of detecting changes in one variable does not 
necessarily exclude “contamination” of the re- 
sults by concomitant changes in other associated 
variables. 
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Electromagnetic flow meter. This method (15, 
IG) utilizes the principle that an EMF is induced 
in the blood stream as it flows through a magnetic 
field. While the apparatus is somewhat bulky, 
requires exteriorization of the vessel, and pub- 
lished flow patterns are damped (as compared 
with those recorded with the orifice meter), the 
method appears adequate for determination of 
m rate of blood flow. 

j ^eedlc thermoelectric blood flow recorder {Gibbs, 
li). This instrument consists of a heated thermo- 
couple (connected in series with a reference ther- 
mocouple and galvanometer) mounted in the end 
of a hypodermic needle and is inserted into an 
otherwise intact blood vessel. The galvanometric 
deflection varies with the rate at which blood flow 
“cools” the heated thermal junction. The instru- 
ment has been used to record changes in blood 
flow in the internal jugular vein of man. If 1, 
provisions are made for detecting changes in blood 
andbodytemperature; 2, the needle tipis known 
to be immobilized with respect to the vessel into 
which it is inserted; 3, the vessel diameter under- 
goes no significant change; 4, clots are not formed 
on the needle tip; 5, the velocity of blood flow 
over the needle tip remains proportional to the 
jcity of flow throughout the remaining cross 
tion of the vessel, and 6, blood flow is at all 
forward, then changes in galvanometric 
‘on should indicate correctly directional 
in flow. The extent to which such tests 
neen made in the individual experiments is 
known. 

Measurement of “tissue blood flow” with 
^eemoelectric instruments. The Gibbs 
oeedle” described above and its modification 
{Schmidt and Pearson, 18) have been used to 
"Klicate directional changes in blood flow 
a localized area of tissue. The thermocouple 
(heated or cooled) is inserted a variable distance 
lato the tissue and the temperature between this 
and another (reference) thermocouple recorded. 
^ extensive evaluation of this method has been 
made by Schmidt and Hendrix (11). As applied 
to brain tissue, the method has the advantage of 
hoing simple in its application and operation, 
nnd also of permitting detection of changes in 
temperature within a localized area. The method 
^ disadvantages in that 1, it is not specific for 
indicating changes in blood flow, since the tem- 
perature of the thermal junction may also vary 
“itb changes -in heat production (metabolism); 

! -1 it is not a quantitative method; 3, the tissue 

,t adjacent to the needle is not “normal” by virtue 
et the unavoidable trauma induced by insertion 
I '-1 the needle; 4, although the needle may be fixed 
li mth respect to the animal’s head, slight recession 

auvancemeht of the brain on the needle tip due 
changes in brain volume may easily simulate 


changes in blood flow. In most instances, it can- 
not be determined from the published' work 
whether these potential sources of error have 
been circumvented by those using the method. 
Any attempt to make the method quantitative by 
subsequent calibration of the recorded tempera- 
ture changes in terms of total blood flow through 
the tissue is unwarranted until it is established 
that the relationship of total blood flow to local 
temperature change remains constant during the 
time of an experiment and subsequent calibra- 
tion. 

Cerebral a-v oxygen differences versus 
brain circulation. The difference in oxygen 
content of the blood entering and leaving the 
brain depends on the rate of oxygen consumption 
of the brain and the rate of blood flow through it. 
This difference has been determined and used by 
some investigators to study the cerebral circula- 
tion. 

The cerebral A-VOs difference has been used as 
an index of brain metabolism (19, 20). Changes 
in this figure have been noted in many circum- 
stances in animals or humans in which each served 
as his own control or in which comparisons were 
made between groups of individuals. An increase 
in this value is taken to indicate that more oxygen 
has been diverted to the tissues (increased metab- 
olism), a decrease that less o.xygen has been used 
for cerebral oxidative purposes (decreased me- 
tabolism). This could be true only if the blood 
flow increased in the former instance, decreased 
in the latter instance or remained the same in 
both instances. However, there is no factual basis 
for this general assumption. On the contrary, 
extra-metabolic factors e.xist, such as blood pres- 
sure, blood gases and nerve action which may 
modify the A-VO 2 difference by inducing- changes 
in the rate of blood flow. These are potent regula- 
tors of flow here and in other body regions and 
alterations in them are easily induced by changes 
in respiration and muscular activity. Hence, the 
blood flow must be known as to its magnitude 
and/or direction of change before the A-VOj 
difference can be used as an index of brain me- 
tabolism. If each animal 'or individual serves as 
his own control, a change in A-VO- difference 
indicates correctly the change in brain metab- 
olism, except w'hen A-VO 2 difference and blood 
flow are altered in opposite directions. In the 
latter case the change in A-VO» difference cannot 
be interpreted on a metabolic basis unless the 
absolute blood flows are known. If groups of ani- 
mals or humans are to be compared, the A-VOj 
difference may be interpreted in terms of cerebral 
metabolism only if the absolute blood flows are 
known. (For this purpose, it is obvious that any 
instrument that records only directional flow 
changes is of no value.) 
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Actually, ovi'u if all o\lra uu'tai>olir. furtora titms uoCDrdi'il tliom wilt not liavo a hnHia in fact 
vlucV, niiylit nn'nlato cou'Wal How norn oliuii- vinlil nilotiualo toKta arc availaltlo In viiliilato 
natoiU an inoioiv-od A-VO; would not lun-easarily wlint me now itnwannnlod aaoumiitimui. 
mdioato iiwroaM'd nwtalwVum. An iucrosued nw- •*l’M',THYii\w(;u.\i'mc,”Mr.Tit<)n.Uorctvtly,l'c;rri!i 
sabolissn (totuliu); to inniuoo A-VOnlilU'iom-o) ia ('Ji) tins mlviiin'ed a niotlunl for tlin “olijectivo 
.ufociatotl wiUi at\ inetvaMul olaboratinn of mo- moasttrornonl of a fuiiolion of total inirnornnial 
talKdito.' anti tho liUU'r, jiarlioularly CO;, wliioU Mood flow in man'’. Tlio nito of diaiflncomcnt of 

is known to tVilato tbo vaavnlar \'Vh\, tborrl'Y in- cmdwo-iiunal fluid fCRV’i flurouy.ft a lar^n Iwn'. 

creai-cPthcratnofldootiflinvnnittt'ntistodocrcaFo neoillo insortod into (lio lumbar fitiliaraciinoid 
till' A-VO; difforonoo. llenro, an inoroaw'd A-VOs riun-o is moasuriul wlion a npRoinl cuff about the 
diiTcronce will imiirnto an imToastui mcinbolism snbji'ct’a nerk is infl.aled to C0-8fl mm. flu. The 
only if it can bo demonstrated tbat the vasomotor bony craniovertebral covorins is said to rerve as 
response (dil.ation with increased blood flow) does a riRid enclosure within which the distention of 
not ovcrcomiichsate the oxygen ntiliratiou in its the cerebral veins (incident to the inflation of 
cfteel on the A-VOs dilTcrence. the neck e.nff) rauscs a comparaiile displacement 

The evaluation of change.s in brain metabolism of CSV throngh the lumbar needle. Hence, it was 
from mea.suromcnts of arterial oxygen saturation conehulcd that "if the CSF is allowed to flow out 
must Iks placed in tbe same category. Although an of the subarnehnoid space during a period when 

observed dccrciuie in oxygen saturation signifies a venons outflow from tho cranium has been imltcd, 

decreased amount of available oxygen per unit then the rate of CSV flow should rcprc.senl the 
volumcofb!ood,lhoT.ateof blood flow and venous rate of arterial inflow to tlic cranium". Certain 
oxygen satur.ation must also l>c know n lieforc the assumptions must be examined upon which the 
oxygen utilization (or metabolism) may Ire said validity of this indirect mclliod dcjrcnds. 
to have decreased. Two of the more important assumptions, tliat. 1, 

Tho difference in A-VO: has also Irecn used as an the craniovcrlchral cavity is n rigid container, 

index of clianges in ccrcbrai blood flow. According and 2, venous outflow from the cranium is halted 

to tho interpretation of some investigators (21, by tins procedure, will be briefly considered. The 
22) changes in total ccrcbrai flow arc largely cranial and vertebral bony covering (of the adult) 
directed toward a maintenance of a constant COs is euflicicntly indistcnsiblo to be considered rigid, 

tension and pH of tbc brain cells and arc not nd- thereby permitting tlic more general application 

juslments to the nutritional requirements of tbc of the Monroo-Kcllic Doctrine. However, there 
cells. Tho metabolic rate of the brain is thus arc many distensible and compressible epidural 
regarded ns being o.ssentinUy constant and any spinal veins (cf. fig. 1). Hence the CSF displaced 
signific.ant change in A-VO- dilTcrcncc is tho result by venous distention in the cranium may not all 
of a change in ccrcbrai blood flow (an increased be recovered from tlic spinal needle, since a vnri- 
A-VOt difference indicating vasoconstriction and able portion may displace, by compression, an 
reduced flow, a decreased A-VO; difference indi- equivalent amount of blood from the epidural 
catingdilatation and an increased flow). Tins view veins. ’One must therefore regard tho natural 
has apparently arisen from tlic experimental craniovertebral "plethysmograpli” ns lieing not a 
demonstration that alterations in arterial content rigid container but rather a somcwiiat distensible 
of COtandOsaUcrcerebr.al flow so that changes in sac within a rigid container, 

the vasomotor slate arc indicated (23). There is Is the venous outflow from tho cranium halted 
no more justification for tliis generalization than with cuff pressure.s of 00-80 mm. Hg? Ferris states 

for the opposite view that changes in A-VO; that “leakage of intracranial blood post the cuff 
difference reflect only changes in brain metabo- being assumed to bo negligible, the forward flow 
lism. Changes in blood flow and in A-VO* differ- of intracranial venous blood can bo said to stop 
ence must be measured simultaneously and in during tho period of CSF displacement”. This 
each circumstance before change in the latter assumption (without published experimental 
can be interpreted. verification) constitutes the most important basis 

It is our opinion that the use of A-VO- difference for the validity of the method. There are reasons 
as an index of brain metabolism or of change in to believe that although the venous jugular flow 
cerebral flow has resulted in the accumulation of beneath the pressure cuff may be temporarily 
a largo amount of data which can be permitted halted, the venous outflow from the cranium is 
only a limited interpretation, except in those few never stopped under these conditions. From tho 
instances in whicli the significance of alterations anatomical standpoint, the spinal veins which 
in A-VO; difference has actually been determined communicate superiorly with the basilar plexus 
by also measuring the blood flow. One must there- and occipital sinuses, and interiorly with the 
fore regard many of the experimental results as extravertebral veins, constitute a potentially 
being an end in themselves since the interpreta- large and variable pathway for a drainage of 
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venous blood from the cranium. In addition, the 
internal jugular veins near their exit from the 
cranium communicate with the very sizeable 
common facial veins, anastomosing branches of 
the external jugular veins, a variable number of 
pharyngeal veins and, lower down, the superior 
thyroid veins. It is exceedingly unlikely that a 
pressure cuff of any design could be applied to 
the neck so as to completely occlude all of these 
communications. Hence it is highly probable that 
after inflation of the neck cuff intracranial venous 
pressure rises abruptly, but blood continues to 
leave the cranium, not only by way of the spinal 
veins, but also via the internal jugulars to progres- 
sively fill the much more distensible extracranial 
veins with which the internal jugulars communi- 
cate "(cf. diagram). These unblocked intracranial 
and extracranial circuits function as two "ple- 
thysmographs” connected in parallel; the one has 


tionship to each other, the measured rate of CSF 
outflow will bear no constant relationship to the 
rate of intracranial arterial inflow. There are a 
number of factors which may affect this relation- 
ship. Subjects will vary with respect to the size, 
potential volume and anatomical placement of the 
various extracranial veins emptying into the 
internal jugular vein. Even in the same subject, 
the degree of constriction and number of veins con- 
stricted may vary with the placement of the cuff 
about the neck. There is no reason to believe that 
the cervical veins, including the spinal veins which 
are anatomically protected from cuff compression, 
have similar carrying capacities among different 
individuals. The resistance head to CSF displace- 
ment may vary with the effective diameter, 
length and other unlcnown resistance factors 
concerned with the intraspinal conduction of 
CSF. Hence, although the rate of CSF displace- 
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a fairly rigid covering and a sizeable "leak”, 
the other a distensible covering. A given increment 
of intracranial venous blood will preferentially 
take-such paths of low resistance rather than that 
of high resistance (intracranial venous distention 
with displacement of CSF against a considerable 
resistance head). Since the intracranial venous 
pressure is the common driving force in all in- 
stances, the rate of CSF displacement, the rate 
of outflow through the spinal veins and the rate 
of extracranial venous filling will vary inversely 
as their respective resistance heads. With so 
many avenues of escape for venous blood, even a 
complete occlusion of compressible veins in the 
neck can be considered “effective” only in the 
sense that it retards (by an unknown and un- 
doubtedly variable amount) venous outflow from 
the cranium. Obviously, unless the resistance 
heads of 1, [spinal vein outflow, extracranial ve- 
nous filling, venous escape beneath the pressure 
cuff] and 2, [CSF outflow] retain a constant rela- 


ment may be considered "a function of the rate 
of total intracranial blood flow”, there is as yet 
no reason to believe that it is necessarily even an 
approximately constant function of total arterial 
inflow. 

Even if the aforementioned assumptions were 
valid, additional objections invalidate the as- 
sumption that a fixed relationship between CSF 
outflow and cerebral arterial inflow has been es- 
tablished. These have to do with the 1, resistance 
head to CSF displacement; 2, the distensibility 
of the intracranial vessels, and 3, the effect of 
the cervical cuff upon arterial flow to the brain. 

In the measurement of cerebral blood flow by 
the so-called "natural plethysmograph” the CSF 
is displaced from the cranium and must traverse 
or progressively displace fluid through tlie sub- 
arachnoid space of the spinal canal, lumbar needle, 
and a portion of the recording apparatus. The 
resistance of the lumbar displacement needle bar 
been measured with respect to the rate of CSF 
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oiut’.ovv i;U !m( till’ tiiliil fiii’tiwinl (luill roiiifit- 
Hiico I’l'tni'i'n tin' crauiuin aiui tlm tri’iirilinR 
appavatiis Ims iu>t In'i'ii (Icti'niiim'ii. Inn'itnui’U «<! 
till.' Cf"!' i'i ii’i’iiritoil fii'in a in'i'illp only 1 

itr • inti'i'vi'rtol'rnl ai'ni't’:- away from tlio luml'ar 
lii.'plan'mi'iu in'i'illt', tin’ iiri’.':’'UU’ ri’t'oriloil tluriiiK 
CSF iliiiiilai'rim'nt ropri’ai'iit i (Im friction licad of 
only a slior! reel ion of the ’ai'inal canal, tliaplacc- 
nicnt nccillc, etc. It ia not nnliKcly tlint the total 
frictional licail otiimiiii): the fioc liiaplaccmcnt of 
CSF from tlic cranium may I'c of consiilcraUlo 
maimitmlc .and may vary sipnilicantly from mdi- 
]cct to subject . 

Tlic fact that CSF i’l disjilaccd nil h venous emn- 
prcfjion in the neck must mean that the intra- 
cranial blood vessels (prvdominantly the veins) 
become distended. Tlie dislcnsdiilily of these 
structures is a matter of eonsiderahie importance. 
The veins within the oranium are Mipporlod in 
such .a manner that they do not normally collapse 
or p.a.ssivcly relax to any ureal extent, lienee, in 
the control state, the intracranial veins arc al- 
ready of such diameter that a .•^mall increment of 
venous blood may distend them to their free limit. 

‘ Ferris has demonstrated that in subjects with 
normally low CSF pressures, or in those whoso 
pressures arc artificially reduced (by witlidr.awing 
CSF), the CSF displacement rate and pressure 
response are lc.ss than those observed with sub- 
jects whoso CSF pressure i.s normally higher or is 
artificially elevated. He suggests that, owing to 
the relatively low CSF prc.s.surc in those c.ascs, the 
intracranial veins are initially distended and arc 
incapable of appreciable further distontioii. In 
order to bo certain that the veins are in a state of 
partial collapse during the application of the 
method, routine adjustment of the CSF pressure 
to lSO-200 mm, H-O (by addition of Ringer’s 
solution) is said to eliminate the poor flow .and 
pressure responses. However, in -IS subjects with 
the lumbar displacement needle closed, compres- 
sion of the neck x-cins with 514 mm. H-O pressure 
caused the CSF pressure to rise to only 500 mm. 
H;0 or less (variation 225-5G0) in 29 subjects 
(04%). This would indicate 1, a rather variable 
and in many instances poor transmission of intra- 
cranial venous pressure to the surrounding CSF 
ex'en though the latter is still confined within the 
cranial cavity, or 2, the intracranial venous pres- 
sures does not consistently become elevated to 
the pressure level of the compression cull (signifi- 
' cant leaks by way of uncompressed veins?), or 
3, loss of pressure and CSF by displacement of 
blood in the epidural spinal veins. Hence, one 
cannot be certain o, that the intracranial vessels 
have sufficient passh’e distensibility to be able 
to displace CSF at a rate equal to the arterial 
inflow over a period of 6-10 seconds, or b, that a 
variable amount of CSF will not Ise “lost” in 


rompro.’-sion of the siiiiinl voimi, or c, limt fho 
frictional resi’danre eiu'oiinlori'd in tramdt witbiii 
tlie rpinal Kubararhnoid spam docs not sigiiifi- 
eaiilly limit tlie rate of C.SF displammeiit , 

Ferris (21) states “That the applicnlion of nx- 
toriial pre.ssure to an artery doe.s no! nffeel the 
flow through it until (he former exreeds the inter- 
nal pre.ssure is a well-known hydroilynnmic fncl.” 
(hir eoneept of eventa is somewhat different. An 
artery will undergo ehangc.a in diamet( 2 r with 
ehnngea in distending pre.’sure. It ran easily be 
ilemonsi rated tliai, if an artery is iliiitonilnd by n 
mean pressure of 1(W mm. llg and is Hiibjecled to 
an external pn-ssiire of SO mm. Hg, the artery will 
aeipiiie a diameter eipial to that of an iiiicom- 
pre.s.sed artery having only n di.stcnding lucsauro 
of 20 mm. Hg. It must follow that, according to 
I’oiseuillc’s law, tlic visroiis retardation of flow 
will be incre.a.scd nmi blood flow will bn de.crea.scd. 
Hence, limitation of arterial blood flow to the 
brain by inflation of the iicck cuff cannot be a-s- 
smned to be negligible until actual mea-siircmcnls 
arc made. The “effective arterial prc.sHuro head” 
must also he considered. Before the cuff is inflated, 
tlic effective arfcria'l prc.'surc head is equal to the 
systemic arterial pre.ssure minus By.stcmic venous 
prc.s.siirc. Inflation of the cuff will ultimately (time 
of occurrence not known) dccrca.'c the effective 
pre.ssure to a value equal to systemic arterial pres- 
sure minus the ciifl pre.ssure of CO-SO rum. llg. It 
is not improbable tliat arterial inflow to the 
cranium is thereby significantly and rapidly re- 
duced. The immediate flow retarding cflecl of 
venous back pressure is evident even in the plo- 
tliysmographic recording of blood flow to a limb in 
which instance, the veins arc comparatively free 
to distend and venous pressure to rise more 
slowly (2.5). 

Thus far, the validity of the flow method has 
been examined with respect to the justification of 
various assumptions attendant to the method. 
For the present, many of the assumptions must 
be considered unjustified. The method may also 
be examined on an empirical basis, i.e., do the 
results with this method agree with those found by 
other methods? 

Although the proponents of this method hold 
the belief that the inherent errors are slight, the 
average rates of CSF displacement (125-150 cc,/ 
rain.) are thought to represent “actual rates of 
intracranial blood flow not in excess 250-400 
cc./min.”. The reason for the correction factor is 
not gh’en. If the latter figures are accepted as the 
normal flow range, the blood flow to an average 
1500 gm. brain would be only 0.167-0,267 cc./min., 
figures which contrast markedly xvith 0.85 cc./ 
gm./min. found for the monkey by Dumke and 
Schmidt (7). Until the actual intracranial blood 
flow can be determined simultaneously by an 
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adequate method, the rate of CSF outflow can- 
not be considered to have any proportionate con- 
stant relationship to the undisturbed intracranial 
flow which exists prior to the creation of abnormal 
pressure gradients necessary for the operation of 
the method. 

Regardless of the magnitude of error in the 
quantitative use of the method, changes in the 
rate of CSF outflow are reported to indicate the 
same directional change in intracranial flow as 
those observed with the use of other methods. 
Both with the thermoelectric method of Gibbs 
and this method hyperventilation and COa in- 
halation cause a decrease and an increase re- 
spectively in cerebral blood flow. Ferris (24) ob- 
served that elevating CSF pressure from a value of 
200 to 350 mm. HsO decreased the rate of CSF 
displacement 35-40%. However, Wolff and Blum- 
gart (26) present evidence that, in cats, elevation 
of CSF pressure to 748 mm. HjO causes little if 
any decrease in intracranial velocity of blood flow 
and further suggest that compensatory dilatation 
of the intracranial vessels probably makes even 
less likely any significant decrease in minute 
volume flow. It is not unlikely that elevation of 
the CSF reservoir in the method used by Ferris 
merely adds that mtich more hydrostatic pressure 
to. the resistance head against which CSF is dis- 
placed, thereby decreasing the rate of outflow. 

The cranivertebral plethysmographic method of 
Ferris is an ingenious approach to the difficult 
problem of determining total intracranial blood 
flow. In spite of its advantages as an indirect 
method, it also requires, in common with all other 
indirect methods, the necessary proof of its abil- 
ity to indicate correctly the actual occurrences. 
Until more experimental tests and data reveal 
the operative mechanism of the method, the inter- 
pretation of results cannot be considered to have a 
sound hydrodynamic basis. 

Summary. A limited number of representative 


methods and devices, available for determining 
blood flow, have been discussed above. With the 
exception of perfusion experiments, all of the pro- 
cedures have involved making observations from 
which the magnitude of, or directional changes 
in blood flow are determined only indirectly. 
In order that any direct method be considered 
valid, it is necessary that / , the available quantity 
actually measured varies in constant relationship 
to the unavailable and unknown quantity being 
measured indirectly; 2, other variables which 
change spontaneously or are induced by the pro- 
cedure do not modify this relationship. Since 
most indirect methods arc used without exhaustive 
verification that these requirements are met, it 
becomes necessary that the investigator make 
several assumptions, some of which have been 
stated, others implied. Unless all of thei assump- 
tions are based upon tested and uniformly ac- 
cepted relationships, the results and conclusions 
drawn will be open to question. The significance of 
any interpretation will therefore vary with the 
number and validity of the assumptions required 
in the application of any indirect method. In 
instances, unwarranted assumptions have been 
made in spite of adequate available tests to de- 
termine their validity. 

It is obvious that wdthout thorough knowledge 
of the principles and mechanisms by which any 
method operates, one cannot accept it as being 
theoretically adequate under any condition. A 
method or procedure too often acquires the un- 
earned stamp of “validity^” merely because the 
early results w'ere showm to be the same as those 
obtained by other tested or untested methods. 
It is hoped that future tests and experiments will 
establish both physically and physiologically 
sound bases for many of the present indirect 
methods so that the results obtained may be ac- 
corded equally sound interpretations. 
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CEREBRAL CIRCULATION— INTRINSIC CONTROL ANB CLINICAL 

PHENOMENA 


STANUEV conn and AVJLLIAiM G. I,ENNOX 
Itarrani Mnlicnl School, liosloii 


In (lie orpinism of man there are two main in- 
tegrating nicehaninm?: The blood stream mid the 
ncrvoiw system; together they re.aeh every living 
organ, netween these two integrators there i.n a 
rcciproc.al relation ; the nervous system is <lei>cnd- 
cnl for its life upon the Iilood supply .and the 
maintenance of blood supply depends upon .a 
normally functioning ecnlral nervous system, 
which has va.somolor control represented at vari- 
ous levels, c.g., cortex, hypothalamus, hindbrnin 
and spinal cord. 

The control of cerebral circulation can lie di- 
vided into c.xtrinsic (e.Ktr.accrcbraI) and intrinsic 
(cerebral). The c.vtrinsic factors arc the rcflo.v nras 
from special receptors that work tlirough the 
hind-brain nuclei. First there is the carotid reflex 
zone containing receptors through which chemical 
and pressure stimuli arc transmitted over the 
glossopharj-ngo-al nerve to centre.s in tlic hind- 
brain. As Weiss expressed it, the carotid sinus 
"is placed at the point of entrance of tlic arterial 
column into the brain, a vital organ most sensitive 
to fluctuations in the circulation, in order to main- 
tain .a constant supply at an ofitini.al pre.s.aurc.” 
Other pressure-sensitive receptors are located in 
the aortic arch, in the hc.art, and in pulmonary 
artery, vena cava and splenic artery; these send 
impulses to the medulla oblongata to control re- 
flexly circulation via the vagus nerve or .spinal 
cord and spinal nerves. Last, and perhaps most 
important of all, is the effect of the carbon dio.\ido 
and o.xygcn content of the blood upon tlie v.aso- 
dilator and vasoconstrictor centres in the hind- 
brain. The function of all these refle.x arcs is to 
maintain not only an adequate and relatively 
constant blood supply to the brain, but one which 
contains the necessary chemical constituents. 
Other important extrinsic factors arc the resist- 
ance of the arterioles throughout the body, the 
amount of venous blood returned to the heart and 


(he condition of the heart niiiscJc. In factsywtcniic 
arterial prc.ssurc is by far the mo.st important 
single item in controlling ccrcbr.al blood flow. 

Intrinsic or ccrrhrnt control. Although passive 
changes in the sire of the cerebral vessels are often 
caused by changes in systemic blood prc.ssurc, 
changes in caliber due to change in muscular ten- 
sion of the arterial walls may overcome modoralo 
or gmdual flnnluntion.H in pressure. Such changes 
must bo due to museulnr activity. AVhen active 
changes occur, one usuniiy finds arterial con.stric- 
tion following a rise in blood pressure and dilata- 
tion following a fall. 

Acliie clmngc.s in caliber may result from a 
number of stimuli. The simplc.st is perhaps direct 
trauma to the walls of the ves-scls. This lias Ix!cn 
Seen by Florey (J) and others, and is always patho- 
logical. 

Clinnges in the chemical composition of arterial 
blood cause important alterations of cerebral 
blood flow. In anim.als observations have been by 
mcans of windows placed in tlic Bkuli, flow re- 
corders placed in the brain and perfusion experi- 
ments. In man, ei'idence has been g.'ithorcd from 
inspection of retinal vessels, measurement of 
spinal fluid prc.ssure, including tlic plethy.snio- 
grnph mctliod of Ferris, a thermoelectric flow 
recorder place in an internal jugular vein, and 
measurements of ccrcljrnl arteriovenous oxygen 
differences. Aiitliors using different material and 
procedures agree witli the okservations of Wolff 
and Lennox (2), and Lennox and Gibbs (3) that 
increase in arterial carbon dioxide causes profound 
dilatation of cerebr.il arterioles with increase in the 
speed and volume of cerebral blood flow. Eeduc- 
tion of arterial CO- has the opposite effect. AVhat 
is most significant, the effects are specific for 
cerebral vessels, the circulation of the extremities 
tending to decrease as that of the cerebrum in- 
creases. Alterations of pH produce effects that 



152 


FEDERATION PROCEEDINGS 


parallel those of CO 2 tension. The relative signifi- 
cance of these two constituents has not been de- 
termined. The effect of changes of arterial oxygen 
are relatively ,mild and in the opposite direction 
to changes induced by carbon dioxide. Anoxemia 
causes some dilation of cerebral vessels and in- 
crease of blood flow in spite of the cerebral vaso- 
constricting effect of the loss of CO 2 due to the 
accompanying hyperpnea. Breathing of oxygen 
causes mild vasoconstriction. With severe anox- 
emia the addition of carbon dioxide to the inhaled 
mixture improves cerebral blood flow and post- 
pones loss of consciousness. Alterations of arterial 
glucose do not greatly effect the cerebral circula- 
tion unless hypoglycemia is profound enough to 
impair cerebral function as shown by loss of con- 
sciousness. During the coma of insulin shock, the 
reported decrease in the A-V oxygen difference is 
possibly a result of increased blood flow although 
this point has not been adequately studied by 
actual blood flow measurements, 

“Total” arrest of cerebral blood flow has been 
maintained in man for one hundred seconds with- 
out ill effect (4). Asphyxia of the tissues of the 
vessel wall due to slow blood flow (termed by Van 
Slyke “stagnant anoxia”) is an important mech- 
anism causing dilatation. This condition in the 

Clin may result from general or local causes, viz. 
anything that causes low arterial pressure or high 
intracranial and venous pressure. Partial com- 
pensation for the slowing of blood flow is thus 
established. The dilatation is probably due to an 
asphyxial effect on the arterial walls, not to a 
nerve reflex, for it is unaffected by cocaine or by 
atropine applied locally to the vessels. If the vaso- 
dilatation is due to a fall in arterial pressure, it 
will be seen that when the blood pressure rises 
again, the relaxed walls dilate still further 
for a few seconds ; then (while the pressure is still 
rising) constriction steadily takes place as the 
asphyxial condition is relieved by the improved 
flow. 

Vasoconstriction due to innervation. It was long 
believed that there was no innervation of the 
cerebral arteries bj' sympathetic vasoconstrictor 
nerves. This belief was generally held, in spite 
of some early observations by Wiggers (5) and 
others, until Forbes (6) and his co-workers con- 
clusively proved the presence of vasomotor nerves 
in 1928. This was done by use of a cranial window 
and microscope. The changing diameters of ves- 
sels in the pia-arachnoid over the parietal cortex 
were observed and recorded. For this work they 
used mostly cats, a few dogs and several monkeys. 
Their findings may be summarized as follows : 

In more than 300 animals stimulation of the cer- 
vical sympathetic nerve has resulted consistently 
in constriction of arteries in the pia. The sympa- 
thetic fibers responsible for the reaction were 


found to pass through the middle ear in close 
association with the carotico-tympanic nerves 
which serve as pathways for the sympathetic 
impulses that dilate the pupils. Sympathetic nerve 
fibers via the stellate ganglion and vertebral 
nerves exercise no influence on pial arteries of the 
parietal region. 

Forbes (7) says that: “The chief characteristics 
of this arterial constriction are as follows; 

“1. It is strictly ipsilateral, that is, the vaso- 
constriction occurs only on the same side of the 
head as the nerve stimulated. No exceptions to 
this rule have been observed.' , \ 

"2. It appears to be independent of changes in 
systemic arterial pressure, since it takes place 
when the latter is rising, is falling, or is constant. 

“3, It occurs even w’hen the greater part of the 
extracranial circulation is eliminated by clomping 
one or both external carotid arteries. 

“4. It occurs in the completely isolated head, 
perfused through the carotid arteries of another 
animal. This fact as well as its unilateral character 
show definitely that humoral substances are not 
responsible for the reaction. 

“5. It is abolished by the previous application 
of cocaine, novocaine, or ergotamine locally to the 
pial arteries under observation. Such procedures 
would be expected to inactivate nerve elements 
in the walls of these vessels. The action of ergot- 
amine confirms the fact that the nerves involved 
are of sympathetic origin. 

“6. It has been observed consistently only with 
arteries larger than 50 microns in diameter. With 
the smaller arterioles and capillaries no consistent 
change in caliber has been seen. It is interesting 
that Penfield found histological evidence of nerve 
fibers only on arteries above this size. 

“7. The amount of constriction is small— an 
average narrowing of only eight per cent has been 
observed. 

“S. Compared with the vasoconstriction ob- 
served in other organs, that in the brain is slight. 
When the cervical sympathetic nerve is stimut 
lated, arteries in the skin constrict ten times as 
much as those in the pia and in the dura the ar- 
teries constrict almost eight times as much.” 

When the cervical sympathetic trunk was cut 
and_ the superior cervical ganglion removed, 
Forbes saw no subsequent dilatation of the pial 
arteries that he was watching under the window. 
But early experiments of Talbott, Wolff and Cobb 
(8) showed that capillary counts were greater in 
vitally injected brains, i.e. more capillaries re- 
ceived the injected fluid, in the hemisphere on 
whose side the sympathetic nerve was cut than m 
the opposite normal control side. 

When cocaine is injected intravenously there is 
no evidence of increased sensitivity of tlie sym- 
pathetic vasoconstrictor reaction in the pia, sue 
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mTIojciiIiIhoUi m« 1 Cnniion Imvo. (ouiul olFovvlipro. 
Ko incrcrtfod n'usUivity of Uu' urtotii’S follovvB 
(ienorvntion. Wlu’ii tliP nuporior rrrvirjil nml 
stellate pniiRliii nro removed mul niiitniilo time is 
nllowed for dep'nerntioii of (lie nerve endiiips, 
adrcnnlin njijdied loeidly to (lie jiinl ort erics 
cnufcs no prosier constriction tiiiin it does in the 
normnl nnitnnl. 

The venules in the pin ennsiriel ns much ns or 
more thnn the sinnll nrteries when ndrennlin is 
npplied locally. Moreover, the venules sometime.s 
constrict in U'sponse to st imulnl ion of the cervical 
sympathetic, nerve. 

Schmidt usinp a thermoelectric flow recorder 
obtained evidence of retarded (low on stimulnlion 
of the cervical sympnthetie nerve. This etTecl was 
noticeahlc chielly in the parietal cortex, le.^s in the 
hypothal.nnuis and practically not at all in the 
medulla. The chnnpe in flow appeared to be inde- 
pendent of ebanpes in blood pressure, but theo.x- 
tracranial cireuhation was not exrludcd in his 
experiments. Bouckacrl and .lourdan (01, usinp 
three different methods, attcm|>ted to eliminate 
Ihccxlr.aeraniai cirenintion hy a radical operation, 
and perfused the isolated head. On stimulation of 
the ccrvic.al sympathetic nerve they obtained 
evidence of va.scular constriction and a reduced 
flow tbroupb the tis.sucsrcccivinp tlic blood, but it 
is by no means certain liial the brain was solely 
or predominantly concerned tsee tbo prccodinE 
articles by Schmidt and by batsoni. Many in- 
vestigators using perfusion experiments liavo ob- 
tained similar results. 

Vasodilalation due io jyarasijiiipatluttc innen-a- 
lion. Evidence of a vasodilator imiervation was 
first obtained in a joint experiment with Penficld 
conducted in Cobb's laboratory (7). On a sympa- 
thectomired monkey it was shown that stimula- 
tion of the facial nerve near tlic medulla oblongata 
caused dilatation of pial arteries in the parietal 
corte.x. This reaction occurred only on the same 
side of the head as the nerve stimulated. L.atcr 
w'ork corroborated this and added new facts. 
Chorobski and Penficld showed that nerve fibers 
pass from the facial nerve through the geniculate 
ganglion and the great superficial petrosal nerve 
to the carotid nerve ascending the internal carotid 
artery. Experiments proved tliat stimulation of 
the facial nerve at the geniculate ganglion causes 
prompt dilatation of the arteries in the pia of the 
parietal region. This reaction is always ipsilateral 
in location. 

Vasodilatation is significant only if it occurs 
when the blood pressure is normal at the beginning 
arid remains nearly constant throughout the 
period of stimulation. This is important because 
it has been found that if the systemic arterial 
pressure falls below a certain critical level the 
pial arteries always dilate as a consequence of the 


retarded blood (low. I-oc.al applications of cocaine 
and of atropine nlioluth the nciirogonic dilatation, 
though (hey have no effect on the dilatation duo 
to low blood pressure. Ergotamine (locally) docs 
not iift'eet the reacliona. 

In regard to the functional importance of the 
cerebral vasomotor mechanism the evidence at 
hand warrants only a few mtggrstions. Since it is 
more effective in some jiarls of the brain than in 
otliens it may iiid in diverting the blood from onn 
region to anotlier; it may lielp nrteries to regain 
their normal enliber, n.s after extreme dilatation, 
and it may limit iindesirahle niictnntions and IhtiM 
aid in maintaining a steady rale of (low through 
the brain, lint there is no evidence from expori- 
inciital work to show that it can can.se Uio nr- 
terie.f to shut down siinicienlly to bring about 
isebemia. 

Loral inrrrnar of blood flow with fnrrrn.'ic of nrrr- 
oufjuttrlioo. It is a general rule that the organs of 
the body, when in arlivo function, liave more blood 
flowing tliroiigb them than when at rest. In order 
to find out whether tlu.s was true also in tlic brain, 
Cobb and Talbott (10) in J027 nindoexperiments 
on c.ats whicli were intravitnlly injected with 
Berlin blue, while inlialing a strong-.'mclling g.os 
and .secondly while inhaling air ns a control. In 
the cats in wliich tlic olfactory nerves were stimu- 
lated, the olfactory hullw showed u!) per cent more 
injected capillaries tliaii in tlic controls. In other 
tvords, the evidence indicated tlial there was more 
blood flow to an area in the liraiii where stinnila- 
tion was causing inereased neuronal activity. In 
1037 Gerard (11) found local temperature cliangos 
indicated in(:rc.a.scd blood flow in the visual areas 
of the brain after stimulating tiic eye with light. 
He also found nn increased Wood flow in the ol- 
factory area after inhalation of ammonia and in 
the sensory area after massaging the paw of a 
cat. Using .a similar method, Schmidt in 1030 (12) 
found area.s on the mesial aspects of the occipital 
lobe where ine.rc.ascd blood flow followed stimula- 
tion of the retina, lie believes that this change is 
due to the activity of the nerve cells and that the 
mechanism causing tlic vasodilatation is not neu- 
ral but e.bcmical. The most probable explanation is 
that the active nerve cells produce locally in- 
creased concentrations of carbon dioxide which 
acts as a vasodilator. 

Cerebral circulation and the elcctrocncephalo- 
• graph. The electrical activity of the brain which 
can be recorded by means of the electroencephalo- 
graph arises from discharging cortical neurons. 
Apparently contraction or expansion of the 
musculature of the cerebral arterioles plays no 
part in this cortical activity; for instance over- 
ventilation, which causes constriction of these 
arteries, docs not produce the very fast waves 
which accompany muscular contractions. 



154 


FEDERATION PROCEEDINGS 


The brain waves are radically altered by changes 
in the chemical composition of the blood which 
traverses the brain.' Circulatory changes are usu- 
ally of secondary rather than of primary import- 
ance. Thus, changes in circulation due to extrin- 
sic, causes which are not extensive enough to 
threaten consciousness have relatively little influ- 
ence on brain waves. Increase or decrease of sys- 
temic blood pressure, or alteration of heart rate 
with consequent alteration of the cerebral blood 
flow, have not been shown to influence brain 
waves. The cerebral circulatory changes may re- 
flect an effort to protect the brain against too great 
alteration of blood flowing through it. 

An example of this is the pronounced slowing of 
brain waves which occurs with overventilation of 
the lungs. Such overventilation causes constric- 
tion of cerebral arterioles and pronounced slowing 
of blood flow. Davis (13) has blamed the resulting 
cerebral anoxia for the cortical bradyrhythmia. 
Gibbs and associates (14) pn the other hand, cor- 
relate the slowing with the reduced carbon dioxide 
tension of the brain. Their observations, backed 
by measurement of the cerebral A-V oxygen and 
carbon dioxide differences on unanesthetized hu- 
man subjects, indicate that the high voltage slow 
waves of the E.E.G. occur in persons whose 
cerebral arterioles fail to constrict with over- 
ventilation. Constriction prevents the COj from 
falling as much in the vein as it does in the artery 
and hence maintains a relatively steady level of 
CO» in the capillaries and in the brain cells. A 
steady level of CO 2 appears to be of more import- 
ance than a steady level of oxygen or of sugar in 
the maintenance of normal brain waves. This 
conclusion is further strengthened by the fact that 
if subjects breathe air containing only four per 
cent of oxygen brain waves are slowed. But if 
carbon dioxide is added to the mixture, the fre- 
quency of the brain waves becomes normal in 
spite of the profound anoxemia (14) . » 

The question of clinical arleriospasm in the brain. 
Spasm of the cerebral arteries or arterioles has 
been rarely observed in laboratory animals and 
man. In 1859 Kussmaul and Tenner reported that 
convulsions could be produced in rabbits by elec- 
tric stimulation of the cervical sympathetic nerve. 
This experiment has been repeated innumerable 
times since then but only occasionally have the 
rabbits showed a convulsive reaction. Schmidt (15) 
has shown that stimulation of the cervical sympa- 
thetic nerve in the rabbit may cause dyspnoea and 
extensor muscular spasm but he emphasizes that 
this excessive activity only occurs under abnormal 
conditions and points out that it may depend on 
contraction of the internal carotid outside the 
skull. The observation, however, started much 
speculation as to the role of the cerebral artery 
spasm in the production of brief neurological 


symptoms. A few observers have seen obliterating 
vasoconstriction in laboratory animals but these 
were under distinctly pathological conditions. 
Under any experimcnt.al conditions that ap- 
proached normal the cerebral vessels have shown 
only slight contraction when the vessels of the 
skin of the ear, for example, w'ould show marked 
constriction. Nevertheless it has been established 
that there is a vasoconstrictor innervation of the 
cerebral vessels, and this leaves the possibility 
that under abnormal conditions there may be cere- 
bral vascular spasm sufficient to cause symptoms. 
A few cases of epilepsy that showed marked 
vasomotor symptoms have been relieved by 
sympathetic denervation of the cerebral arteries, 
but thc' c have been many more, negative results 
from these operations than positive. There are 
some well documented cases where patients with 
Raynaud’s disease of the extremities have shotvm 
convulsions during attacks of vascular spasm 
which were visible in the hands or feet. The sup- 
position is that there is also vascular spasm of the 
brain. 

Although proof is lacking there is enough clini- 
cal evidence to justify the suspicion that cerebral 
vascular spasm occasionally occurs in man, caus- 
ing short periods of convulsions, hemianopsia, 
aphasia, paralysis, confusion, and the like. 

Syncope. Syncope from cerebral anemia is di- 
rectly due to extracerebral causes, a primary dila- 
tation of peripheral capillaries or veins, with 
pooling of blood in them and consequent cerebral 
anemia . However, as in many other extrinsic situa^ 
tions, the primary dysfunction of the autonomic 
nervous system has its representation within the 
'brain. The loss of consciousness is accompanied by 
an abrupt fall of cerebral blood flow' and the O 2 
saturation of blood leaving the brain becomes less 
than 30 per cent (Lennox and Gibbs 16). 

An additional mechanism is present in patients 
with an irritable carotid sinus. The paper by Fer- 
ris, Capps and Weiss (17) in 1935 divides the reac- 
tion to pressure on the sinus into three types 
according to the physiological mechanism: the 
vagal type caused by standstill of the heart, the 
depressor type caused by general vasodilatation, 
and the cerebral type probably due to “cerebra 
vasomotor changes or reflex influences on certain 
brain centers.” Weiss apparently believed that 
‘‘localized areas exist in the brain for the regula 
tion of the conscious state” that may be likene 
to the ‘‘respiratory center.” With this w'e do no 
agree, believing that consciousness is represente 
at several levels of the central nervous system, 
and that it is not a matter of one’s being ‘|con- 
scious” or “unconscious,” but of being cither 
more or less aw'are of the en'vironment. Attacks 
of the cerebral type oftentimes suggest hysteria. 
This group of cases in whom no failure of circu a- 
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tion is oUsm'nlik' iniclit lio liy viiso- 

roiislrirtimi in Uip lirnin, knl, Gw nviiirnn' is 
npinst this. In tlui lirst jilnn', tlw liwf; of consriotis- 
ncss ronws nt> loo suihlonly to Iw romlily rxiih'iiiii'il 
hy such .1 nirclisnism. nmi soromily, llirro is no 
rhsnp:' in totn! roroliriil hlood iiow ns j\ulK('tl hy 
cotvl'r.nl artcriovonons oxiTon ditlori'iiro.s. Sinro 
we do not believe that eonseimisne.ss is controlled 
hy renters whirli con be switched on and off by 
reflexes, the remaininp iio'isibility n'cnia to be I tint, 
stimtili from lornl .are.a-s of ischemia, or from si imn- 
lation of end orpans in the enrol id .“inns, heart 
and pre.al vessel.s, may indnro disehnrpes of neu- 
rons in the cerebral cortex wliieb spread like the 
epileptic discharpe and Idol out eonseiousni;>-s in 
a Cow seconds. The similarity of the carotid 
sinus syndrome de.^cril'cd l>y Wei.'-'s to n mild 
epileptic fit may he slrikinp. 

Cerebral circiihlion and tjnlrjis]/. !>pont ancons 
epileptic scirnres in man are not preceded by 
slowinp of the lot.al circulation of llio brain ns 
indicated by a flow reeordcr placed in an internal 
jupular x-cin (IS). A greatly inrre;i.<=cil flow aecom- 
panics the convulsion n.s a result of the incrca.scd 
blood pressure, but there is no ehango in flow 
during petit raal. The possibility of spasm of n 
single or of a few arterioles in certain spccinl 
cases has not been excluded, though demonstra- 
tion in epilepsy of inlcnnillcnt or, in some cases, 
continuous and goncralircd cortical dy.srhythmia 
argues against an occ.asional locnlircd iirtcri.al 
spasm. 

In direct obserx-ations of the human cortex, 
Penficld (19) obscrx’cd the phenomenon of artcrial- 
lookingbloodlcaxingthcsitcof the brain inx’olvcd 
in a focal discharge. This might be explained 
most readily by assuming that the excess activity 
of cortical cells caused an increased local supply of 
CO; which caused dilat.ation of cerebral arterioles 
in that area; such effect xvould be a result rather 
than a cause of the seizures. Pcnfield’s histological 
studies of traumatic epilepsy convince him that 
thrombosis of small vessels at the periphery of a 
cerebral lesion may cause progrcssix’c extension of 
the lesion and result in abnormally functioning 
neurons and seizure discharges. Studies by Nims 
and associates (20) of arterial and internal jugular 
blood suggest that patients subject to petit mal 
do not hax'e normal chemical control of cerebral 
arterioles. Overventilation in such patients is not 
accompanied by prompt constriction. 

Cerebral circulation and migraine. Unlike epi- 
lepsy, attacks of migraine are accompanied by 
sjTnptoms xvhich strongly suggest involvement of 
cerebral x-essels — pallor or flushing of the face, 
pain xvhich may throb synchronously with the 
heart beat, transient scotoma, hemianopsia, 
, hemiparesis and pa'rasthesia. Most clinicians have 
assumed that the pain xvas due to constriction of 


iirtories of I he head, l/'tiiiox ami his ns.sociafc.s in 
muilyr.iug the relief of pain from use of ergotamiue 
tartrate, xvhich oau'ie.s emiHfriefioii of cranial 
xawelM, (iugge.sted that pain xviin a.ssociatcd with 
undue relaxation of arleriw. This explanation haa 
hail experimental proof at the Imml.s of Wolff (21) 
mid his associnte.s. They attrihiilc cranial pain to 
a dilatation of hranche.s of the external carotid 
and cereliral symptoms such as hemianopsia and 
hemiparesis toeonstrictioii of arlerir.s in llii! brain. 
This last explanation re.sts on the obscrxmtion of 
relief of x-isual disturbanre by inhalation of the 
dilator liriig, amyl nitrile. Milder vaso-constrielor 
elfeets are secured iilso by ingestion of caffeine 
mid iiiliaintion of oxygen. Ilecanse ergotmninc 
tartrate slops the symptoms attributed by Wolff 
to constriction, this drug must have a difTcrcntial 
effect on branches of the external and the internal 
carotid arteries. In rare in.simicc.s, persons subject 
to prolonged migraine have suffered neurological 
damage as a rc.^ult of llirombosis of cerebral or 
retinal xtsscIh, apparently the sctiuclae of a 
spa.sm of thc.se x-e.^scls. The whole phenomenon of 
migraine is eloscly related to the sympathetic 
nervous system Imt interruption of iiervu supply , 
tocr.inial x’csscls is only occasionally bcuoficial. 

Hypertenaion. Many autliorB have pointed out 
that emotional stress may cause hypcrtcn.sion. 
This is obvious in the c.aso of the transient eleva- 
tions of blood-prcERurc observed in persons xvho 
arc scared or angry. The mechanism is probably 
that dc,scribcd by Cannon ns a sympathetic dis- 
charge preparing the organism for flight or fight. 
It is not known, howcx-cr, that this sort of reaction 
has anything to do xvith the disease knoxvn as 
“cssenlinl hypertension;” this is an easy assump- 
tion, but it entirely lacks proof. In fact one could 
argue that tlic persons xvith labile blood-pressuro 
are just the ones who do not develop the perma- 
nent and incapacitating “essential” hyperten- 
sions. The cerebral circulation probably plays no 
rOIc in cither of these conditions; in (ho “essen- 
tial” eases the circulation of the kidneys is im- 
paired. Patients xvith hypertension examined by 
Williams and Lennox (22) had a slightly increased 
cerebral A-V oxygen difference, indicating that 
cerebral vessels participated in the vasoconstric- 
tion. 

Cerebral hemorrhage. Frank bleeding into the 
brain from an artery or vein is related largely to 
lesions of the vessel xx-alls from sclerosis, infection 
or trauma. The dynamics of the cerebral circula- 
tion must play a r61e, especially in locating the 
lesion, because pressure is higher, for example, in 
small arteries that arise from large trunks, and at 
the points of branching, than in equally small 
arteries farther out on the tree. There is also the, 
factor of how’ well the arterial xvall is supported by 
surrounding tissue, and at xx-hat pressure. The 
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theory that gross cerebral hemorrhage takes place 
only from vessels that lie in softened brain sub- 
stances is not only unproven but unreasonable. 
If partial softening of brain substance did take 
place about arteries, the fluid and soft brain would 
surround the vessel at a pressure practically as 
great as that of the normal brain, i.e., 150 mm. of 
water, whereas the pressure within the artery 
would be about 1500 mm. of water. It is apparent 
that what keeps the blood from bursting out is not 
the support of the surrounding brain or fluid, but 
the elastic and muscular coats of the artery wall. 
Hemorrhage from veins is a different story. The 
blood within them is at a low pressure, only 
slightly above cerebrospinal fluid pressure, so 
changes in the latter, from whatever cause, may 
increase or decrease the likelihood of continued 
venous hemorrhage. The formation of subdural 
clots which slowly increase in size is a case in 
point. There is the general rise in intracranial and 
venous pressure along with the local changes in 
osmotic relations at the site of the clot. 

Encephalomalacia . “Cerebral softening" and 
“cerebral hemorrhage” are not such distinct 
entities as one usually supposes. Probably all in- 
farcts of the brain, severe enough to cause soften- 
ing, are accompanied by some extravasation of red 
blood cells. Just when this capillary extravasa- 
tion becomes worthy of the name hemorrhage is 
an unsettled question, but most of the perivascu- 
lar “ring-hemorrhages” of the brain are of this 
type. Infarcts in other organs begin by being red 
or hemorrhagic, later they become white or 
anemic. Chase in his experiments with mesenteric 
emboli shows that red areas develop by diapedesis 
of erythrocytes from dilated capillaries and ven- 
ules beyond arteriolar constrictions. Greenfield 
believes that cortical infarcts are originally always 
red andinfarcts of white matter are white, both in 
the cerebrum and cerebellum. He has demon- 
strated that 24 hours after ligation of a cerebral 
artery there was red infarction of the cortex with 
neighboring white infarction of the white matter. 
This means that there is little anastomosis in the 
white matter, but enough in the gray to make 
blood flow from normal areas into the anoxic and 
dilated capillaries of the infarcted area. It is 
probable that at least one-twentieth of the nor- 
mal blood supply of an area must reach it after 
infarction to cause diapedesis and “red in- 
farction.” Evans thinks the varying degree and 
■ the varjdng suddenness-of oxygen deprivation is 
more important : red infarction takes place when 
circulation is merely slowed; complete sudden 
occlusion leads to white necrosis and cyst forma- 
tion. Tureen’s experiments on the spinal cord 
demonstrate that fifteen minutes of occlusion of 
the aorta will cause lesions of spinal nerve cells. 


In the brain 3 minutes and 25 seconds of anemia 
will cause necrosis of cortical cells- (4). 

Ricker (23) believed that the nervous control of 
the vessels played an important part in causing 
cerebral lesions, such as small focal softenings, 
but Forbes’ demonstration that in normal brains 
the control is but slight as compared to other 
organs makes this unlikely. It is probable, how- 
ever, that in scars and sclerotic or otherwise 
diseased areas, stimulation by vasomotor nerves 
may be abnormal and might cause occluding 
spasms of the vessels and foci of necrosis. 

Trauma. There are some strong proponents of 
the theory that vasoparalysis quickly follows a- 
blow to the head and causes many of the phe- 
nomena that result therefrom (24). This certainly 
cannot account for the loss of consciousness, 
which takes place instantly, since unconscious- 
ness from stopping the cerebral blood flow takes 
from 5 to 7 seconds. A blow, however, might cause 
vascular paralysis with dilatation of the small 
vessels, stasis, relative anoxia and extravasation 
of fluid and erythrocytes. Such a series of events 
could w’ell explain the perivascular hemorrhages 
and edema seen in microscopical sections from 
brains which had suffered a contusion. More 
severe injury might add laceration to this picture, 
with ruptured vessels and obvious hemorrhage. 
The small arteries might stop bleeding because of 
the local spasm following direct trauma seen by 
many investigators; the veins would probably 
clot during the stasis caused by rising intracranial 
pressure. 

The main question is, however, does a blow to 
the skull cause vasoparalysis, and, if so, how? 
Knocking out the rather weak vasomotor innerva- 
tion wmuld not seem likely to cause significant 
dilatation. It seems more probable that stasis from 
other causes sets lip the chemical asphyxial reac- 
tions that make the vessels dilate and exude 
plasma and cells. 

Aside from the hemorrhages and edema seen at 
autopsy, no circulatory phenomena are known to 
be especially related to cerebral injury e.xcept the 
increase iri'venous outflow noted by Denny-Brown 
(25) . This is probably the result of vasodilatation, 
but what causes the dilatation is not known, 
although it might come partly from vagal stimula- 
tion (7). Of course when there is enough local 
injury by contusion to cause swelling, the intra- 
cranial pressure rises and the venous pressure must 
rise to a slightly higher level in order to keep 
blood flowing out of the cranial cavity. This 
accommodation is easily made until the cerebro 
spinal fluid pressure reaches a level approximat- 
ing arterial pressure. Then a re-adjustment up- 
wards is made and the Cushing phenomenon (26) 
appears. In clinieal practice, however,’ this is , 
rarely seen except where rapidly expanding Ic- 
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Eions rniEc llio iirrEsiiro S(H) or WO iiim. of wiilcr in 
n frw lioiirs. 

Vasconsln'cior attii vitsodihlor (fri/j/.t. ICxrcpt for 
the work witli cpinoplirtno llto, urtioii of druKR on 
the vcEEcls of t!io brain lias l)orn lit do alndiod by 
rdiablo and well rontroltod niollinda. Sclmiidl 
(15) reports observations botli by tbo tliornio- 
coiiplc-blood-llow toclini(iuo for rorordint; local 
chnnpcs of How in brain tissno, and by the 
"Ihcrmostromubr” on tbo carotid artery for ea- 
tinintiiiR total blood flow through ll>o brain. 
Nitroplyrcrinc is an ofToctive loral and ponernl 
dilator, histaniino is irrepnlar in its effect, bnl 
usually dilates, crpotnmino i.s the onb’ local eon- 
'strictor. It acts slowly and only in larpe doses, Imt 
causes no decrease in total blood flow. Pool, 
Xason and Forbes, observinp livinp vc.ssela under 
the microscope, saw the vessels of the dura con- 
tract regularly 00 to j)er rent of their diameter 
after intravenous injection of epinephrine, pitres- 
sin and crgotnminc. In the arteric.s of the pin the 
cficct w.as usually a slight dilatation. Thomas has 
shown that .alcohol dilates cerebral vessels con- 
spicuously, In some of (ho experiments the sudden 
and marked ball in blood pressure may have caused 
the vasodilatation, subsequent wort, of Forbes 
having shown that a drop in l)loo(l prc.«.surc to a 
critical level causes dilatation of vessels, no 
matter what the cause of the fall. 

Other experiments have shown that narcotic 
drugs usu.ally cause v.asodiIation of cerebral ar- 
teries (ether, chloroform, amytal, phcnobarbilal). 
Morphine had little or no effect upon the vessels 
unless the blood pressure fell sharply and then 
there was slight dilatation. Avertin, however, 
regularly caused a distinct vasoconstriction in 
spite of the fall in blood pressure. The convulsant 
drugs had varied cflects upon the vessels. C.afTcinc 
in large doses caused convulsions with vasocon- 


Ntrictioii; nlisinlh in small doses caused constric- 
tion of the pinl arteries, in Inrger doses, dilalnlion; 
homocamfin atid pierotoxiii usually made, tiic ar- 
tery eonstriet slightly, while caiuiihor numohrp- 
rmitn caused dilatation Iiefoie llic convulsion. 

The foregoing ohservalions were nm(t(! in uni- 
innls. In man, Gihhs,'^!)!)^ and Lennox (27) tising 
a (hernui-cleefrie flow recorder in an internal 
jiigiilar vein and nieasiiring rnrehral A-V oxygon 
diffcronces, found nmyl nitrile, hislnmiiie, cllicr, 
iidreniiliiic mill ergotamine eaufcd an increased 
(low, only till! hast two due to increased blood pres- 
sure; the decreased (low with cnffcinc was pcrliapn 
due to sliniuhilioii of rcsjiiration. Sedative drugs 
proibicing sice)), as well as normal and narcolcp- 
lie sleep, cmiscd no noliccahic change of blood 
Him if the blood pressure remained steady. The 
iileid drug to counteract rnrehral ischaemia would 
he one which dilates rcrehral vessels and raises 
Idood pressure. Carbon dioxide most nearly cornea 
up to these specifiraliotis and should be tried 
clinically. Among vn.'odilator drugs the .vnnlhincs 
(e.spccially IhcophyllinD) seem mo.sl suitable. 
Schmidt has used nitroglycerine and ncclyl-ll- 
inclhylcholin with bencficinl cffccl.s for the Clicyno 
Stokes respiration of uremia, and for the npnea 
and periodic respir.ation following liypcrpnca. 
We have given large doses of alcohol by moutii 
in c.aEc.s that showed the earliest symptoms of 
aphasia and licmipicgia and believe that wo haVo 
thus aborted some such attacks, but proof is 
impo.ssiblc (2S). It would seem worth while for 
physicians to watch for early eases of cerebral 
ischnemin, including thrombosis and embolism, 
and be more willing to try v.asodilator therapy. 
The important point is to incrcaso blood flow in 
the brain so absolute rest is not desirable and 
morphine is strongly contra-indicated. 
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SYMPOSIUM OK HUMAN VITAMIN REQUIREMENTS 
INTRODUCTION 

C; A. ELVEHJEM 

Department of Biochemistry, University of Wisconsin., Madison 


It is now three years since the National Nutri- 
tion Conference accepted a table of recommended 
allowances for most of the better known dietary 
essentials. All published evidence on the re- 
quirements for the different factors was critically 
examined and appraised and many nutritional 
authorities were consulted before the final table 
was compiled. Dr. Lydia J. Roberts presented 
much of this evidence before the 1941 Chicago 
meeting of the Institute of Nutrition and ob- 
tained additional suggestions at that time. 

During the past three years the recommended 
dietary allowances have been widely used and 
accepted. There has been much discussion and 
some criticism of the accuracy of the individual 
Values which is fortunate because it is only by this 
means that further improvements can be made. 
This discussion and the realization that much 
more information is needed have stimulated ex- 
tensive • experimental work especially on the 
vitamin requirements of human subjects. Since 
many of these results would have been presented 
at the annual meetings of the American Institute 
of Nutrition if it had been possible to hold such 
meetings, it is logical that this published sym- 
posium on “Further Studies on Human Vitamin 
Requirements” be sponsored by the Institute. 

Each of the following reviews has been prepared 
by an authority actively engaged in research deal- 
ing with the specific vitamin in question. The in- 
formation summarized in these papers will not 
only be helpful to the Food and Nutrition Board 
in future deliberations on possible modifications 


of the dietary allowances but will indicate more 
clearly where additional work is especially needed. 

It is doubtful that we will ever have unanimous 
agreement on exact quantitative values for the 
requirement of all our dietary essentials, but 
greater progress will be made if the type of re- 
quirement is clearly understood by everyone con- 
cerned. Many have considered the established 
dietary allowances to be minimum values while 
others have interpreted them correctly as opti- 
mum values which' should be met if possible. 
Thus minimum figures obtained by accurate 
scientific measurements under specific conditions 
may be quite different from dietary allowances. In 
the latter case numerous varihbles must be taken 
into account which are automatically eliminated 
in the more accurately controlled experiments. In 
order to compensate for these variables some de- 
gree of safety must be incorporated into the values 
suggested for practical jJurposes. Some degree of 
safety is always recognized in experimental work. 
Several years ago work in our laboratory con- 
vinced us that the minimum thiamine requirement 
of the rat was about IGOy per 100 grams of ration 
(incidentally this level is equal to 0.2 to 0.25 mgm. 
per 1000 Cal. which is near the value considered 
to be the minimuiri for humans) however we Imve 
never used this low level in diets of rats main- 
tained for other studies. AVe have always used 200, 
to 3 OO 7 and some laboratories have used SOOy or 
more per 100 grams of ration. If we are this gener- 
ous with rats we should not object to a somewhat 
similar ratio in practical human nutrition. Hob- 
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ever, the mere imilliplicntion of llio minimum 
value by n RcneroUR fuel or <!oc.s not neccaanrily 
insure safety. 

^^ar^y factors arc oi'erutivc iimler tiructicnl 
conditions and aome of tlicse varinldcs I)ccomo 
evident in tlio work reviewed in tiie following 
p.apcrs. To dale only a relatively small scRtnent of 
our whole population has hern studied hut oven 
so age, sex, environmentn! eonditions and typo of 
diet show their effect. In experimental studies 
both with animals and humans rather standard 
diel.s have been used. If there is only one eharae- 
teristic about our present tiny tiiet it is Ibo diver- 
sity of food consumed from d.ay to tlay. Tliis con- 
tinu.al cliango in inROSted material undoubtedly 
affects the intestinal flora and tliorcforo the 
production and (ir.struclion of some of the 
\it.amins. 

Most nulritiomil experiments have been of short 
duration. Even mumal experiments have suffered 
in this respect. However, it is pratifyinR that some 
of the most recent human experiments arc beinp 
extended over many ntonths. The question has 


been asked, how Ioiir must a human experiment 
I)D conlimied in order to bn valid. 'J'hat remniiia to 
be nnHwered but I inipht add our recent experi- 
enee with one of our monkeys. lie was plueeal on iv 
purified but Mi)parenlly ndequafe diet 3} years 
ago. After one year bo bad made a perfeel record 
and we (Iiought tins period should be sufficient to 
prove the adequacy of the diet. However, lie was 
eonlinncd or annilier year and llicn for still 
anolber year. At the end of the Ilirco years wo 
<Iecided there could be no question nl)out the 
results. Leaving the diet constant the environ- 
mental eonditions were clmrigcd and within a 
relatively short lime the animal showed deteriora- 
tion. IVilli some diflicully the animal was brought 
back to normal and we are now quite willing to 
leave him for still another year. 

I am sure that the following reviews will not 
only give us nddilionni scientific facts but will 
empli.asirc the complexity of the proiilcm. Wo 
must critically appraise all the scientific evidence 
but we must also be willing to accept reasonable 
working values until more facts are avnilnl)lc. 


THE HUIVIAN REQUIREMENT FOR NICOTINIC ACID 

W. J. DANN 

Department of Physiology, Duke Vnirersily School of Medicine 


Our knowledge of the human requirement for 
nicotinic acid is extremely scanty. The National 
Research Council in compiling its Tabic of Rccom- 
mended Dietary jUlownnccs of tlic nutrients was 
faced with the need to suggest a level of intake 
!or nicotinic acid before any direct evidence about 
minimum requirement was available. The figure 
agreed on was IS mgm. daily for a moder.atcly 
active man of 70 kgm., and there is at present no 
reason to suggest any other figure until much more 
evidence is available. The plausible assumption 
was made, again in the absence of direct evidence, 
that the requirement varies with energy expendi- 
ture. 

Until it is possible to observe the development 
and cure of nicotinic acid deficiency conditions in 
human beings on rigid!}' controlled diets (as has 
been reported for corresponding experiments on 
thiamin (I) ) it be impossible to determine 
precisely the minimal requirement of any individ- 
ual, or the effect of interaction of other vitamin 
deficiencies, dictarj' factors and environmental 
conditions. Because deficiencies of other B vita- 
mins arg lively to accompany nicotinic acid de- 
ficiency, their effect on nicotinic acid requirement 
IS an important practical problem. Another point 
fo be settled before satisfactory determination 


of requirement can bo made concerns the means 
of recognizing nicotinic acid deficiency. It is 
relatively ensy to detect such deficiency when it 
has resulted in classical pellagra, but it is not 
certain whether pellagra always appears ns a 
result of severe nicotinic acid deficiency, nor 
is it easy t o detect with confidence slighter degrees 
of deficiency. 

There appear to bo no published reports of ex- 
perimental work designed to determine the human 
requirements of nicotinic acid. Schaefer, Mc- 
Kibbin and Elvehjem (2) have found the 
nicotinic acid requirements of 4 dogs to lie within 
the limits 200-225 micrograms per kgm, body 
weight. From this they calculated the minimum 
requirement of a 70 kgm. man as JO mgm. daily, 
on the assumption that the requirement is parallel 
to output of energy by the organism. Since it has 
been shown by Sarett, Huff and Perizweig (3) that 
there arc differences in the ways in which man and 
the dog metabolize nicotinic acid, this calculation 
may possibly not be valid. 

Determination of customary intakes of nicotinic 
acid. The remaining quantitative information 
bearing on human nicotinic acid requirement 
comes from dietary surveys in which customary 
intakes are estimated or actually measured. Most 
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frequently individual or average diets are either 
estimated or weighed and the nicotinic acid content 
of these diets calculated with the aid of a table of 
the nicotinic acid content of foodstuffs. Such cal- 
culations, 'like the food tables themselves, are apt 
to provoke one of two reactions. As Widdowson and 
McCance have remarked, there are two schools of 
thought — “one tends to regard the figures in them 
as having the accuracy of atomic weight determi- 
nations; the other dismisses them as valueless. . . 
The truth of course lies somewhere between 
these points of view.” (4)' 

Res^dts from dietary calcidations. Aykroyd and 
Swaminathan (5) by such methods found that in 
India a typical poor rice-eater’s diet provided 5 
mgm. nicotinic acid daily if the rice were raw- 
milled or 11 mgm. if it were parboiled. Yet pellagra 
is rare among that impoverished rice-eating popu- 
lation. 

Kodicek (6) calculated in this way that the war- 
time diet in Great Britain provided on the average 
12.2 mgm. nicotinic acid daily for whole-meal 
bread consumers and 9.0 mgm. daily for white 
bread consumers (the majority of the people) 
before the National Wheatmeal Bread replaced all 
other types in 1942. Pellagra is almost unknown in 
Great Britain. 

In this country, Cheldelin and Williams (7) 
reported that in an average 2500 calorie American 
diet “such as was consumed by the middle two- 
thirds or three-fourths of the population prior to 
the use of enriched bread and flour,” the amount 
of nicotinic acid was 11 mgm. Youmans and co- 
workers (8) in a dietary survey made in Tennessee 
calculated that over half of the white and three- 
fourths of the colored population consumed less 
than 10 mgm. daily; and one-fourth and two- 
fifths respectively consumed less than 6 mgm. 
A dietary survey in Wayne County, N. Carolina 
(9) made in 1942 before the use of enriched flour 
and bread in this section, revealed an average 
daily intake of food which I have calculated to 
contain 7.2 mgm. of nicotinic acid. One-sixth of 
ail subjects over 15 years old consumed less than 
5 mgm. daily; for males and females of this age 
group, the mean daily intakes were 8.1 mgm. and 
7.9 mgm. respectively. No pellagra was observed 
in the clinical examination of 840 subjects whose 
diets were recorded', nor were any other gross 
signs of milder nicotinic acid deficiency observed. 
There is no reason to believe that the diets have 
recently changed for the worse and that more 
pellagra is soon to be expected in this region; on 
the contrary the vital statistics show that pellagra 
has decreased steadily in this county from 250 


■' The calculation of the average intake was 
made from a statistically suitably weighted sample 
containing. 10% of all the diet records. 


cases and 88 deaths in 1930, almost to a vanishing 
point in 1942 (10). 

It is of interest to consider the nicotinic acid 
intake of the male subjects in whom Goldberger 
and Wheeler (11) produced pellagra experimen- 
tally. Tables 9-lG of their paper give for 8 of 
the 28 weeks of the experiment the quantities of 
all foods consumed by the experimental subjects. 
From these tables one can calculate that the aver- 
age nicotinic acid intake per man per day, 
assuming no loss in cooking, w’as 7.2 mgm. The 
food consumption of the control subjects is not 
presented in the same detail, but from tables 4-7 
one can obtain an estimate of 11.9 mgm. nicotinic 
acid per man per day ingested during four weeks. 
It is implicit in the data that this is an over- 
estimate, compared with a true estimate for the 
experimental subjects. Goldberger’s pellagrins 
thus had the same mean nicotinic acid intake as 
the Wayne County subjects reported above, but 
the follow'ing points of Contrast should be noted. 
These pellagrins ingested food with a mean calone 
value 50 per cent greater than the Wayne County 
subjects yet lost weight at an average rate of 0.75 
lb. w’eekly ; they had much more corn in their diet 
(28 per cent of their calories came from cornmeal 
and grits) and protein provided only .6 per cent 
of their calories compared with 12.5 per cent. 

Rcsidts from analysis of duplicate diets. The 
results recorded above w’ere all obtained by calcu- 
lation from estimated or w'eighed diets. Winters 
and Leslie (12) have obtained more reliable figures 
for nicotinic acid intake by direct measurement. 
They collected duplicates of all the meals, drinks 
and snacks taken by their subjects (two groups of 
women) on their self-chosen regular diets, for 
periods of 7 to 21 days. Each day’s sample was 
homogenized in water and an aliquot taken for 
estimation of the nicotinic acid by the micro- 
biological assay of Snell and Wright (13). Among 
24 women from low-income groups in Austin. 
Texas, the daily intake of nicotinic acid ranged 
from 2.7 to 9.8 mgm. with a mean of 4.2 mgm. 
For 11 Anglo-Americans, 7 Latin-Americans and 
6 Negroes the means were 6.4, 3.1 and 4.1 mgm. 
respectively. Fifteen of the subjects were exam- 
ined clinically; no pellagra w’as observed but nine 
were stated to show milder signs of nicotinic acid 
deficiency, by criteria about which there is no 
general agreement (see below). These signs were 
not seen in any subject .whose intake was greater 
than 5.9 mgm. per day. Among 20 women of a 
moderate-income group the intake ranged from 
5.5 to 11.4 mgm. daily with a mean of 9.1 mgm.i 
no clinical examination w-as made of these sub- 
jects. 

Winters and Leslie suggest the possibility tha 
the recommended allow'ances have been place 
too high. This possibility is also supported by th® 
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less rigorous results of (tic workers who hove not 
actually mialytcil tlic meals of (heir suhjocts. It 
appears pnihahlc (hat when (he time cornea (o 
revise the rccommentloil allowanee of iiicotiiiic 
add, it will ho somewhat iloerenscd. 

Fcclorf ojTre/iiip m'ro'i'mV nriif irquircnirn!. As 
mentioned above, it seems likely that the require- 
ment will vnry with the energy eapemliture of the. 
subject. It may .also lie modified by other factors, 
particularly by the major cenail of the diet. 
Aykroyd (H) pointed out in 10.10 that although 
pellagra is ‘‘.almost invariably associated with the 
consumption of mair.e”, neither riee nor millet 
shows any superiority over mai.-c (corn) n.s a 
source of vit.amin ll*. Mon' recently .Aykroyd and 
Swaminathan (5) have c.alcul.ated that a typical 
maire diet comtumed in a pellagrous district in 
Moldavia g.avc a nicotinic acid intake of 15 mpm. 
daily. This is higher than the 5 mgm. level which 
they c.alculatcd for rice caters in India (where 
pellagra was rare), and suggests that on a mair.e 
diet more nicotinic acid is requin-d to prevent 
pellagra. ' 

Xliis finding directs attention again to the his- 
toricji! connection hetween mairc-e.ating and 
pellagra: a connection which led Cliick (15) to 
combine several apparently mutually exclusive 
theories into the hypothesis that “Pellagra is 
caused by a toxic substance derived from the 
mairo diet, which can bo corrected by sufiTiciont 
‘good’ protein, or perhaps by sufficient vitamin 
Bs (which is found to accompany tlic ‘good’ 
protein).” This hypothesis is attractive today if 
we substitute nicotinic acid for the vitamin Bs 
of Chick. It is supported by recent wor): from 


this Inbomlory on the nnalogoiw onnino diBcnsc 
hlackfonguc (10, 17); but of courao it remains no 
moro than a working hypothc.sis. 

If it should he c.slablishcd as correct, it will 
mean that on some diets nicotinic acid deficiency, 
however severe, will not regularly produce the 
cl.a.s.sica! syndrome of pellagra. For this reason, 
and akso to diagnose lesscrdcgreos of nicotinic acid 
deficiency on <iicts which ultimately would lead to 
pellagra, there is an acute need for recognition of 
nicotinic acid deficiency which has not produced 
pellagra. Clinical criteria liavc hcon proposed by 
Kruse (hS) and by JollifTo and Stern (ID) but these 
have been rejected by Rufiin (20). In any ease lliorc 
is no general agreement tipon such criteria, and 
studies of the requirement cannot be interpreted 
without them. Excretion sludic.s will not solve the 
problem until they in turn can be evaluated in 
terms of clinical criteria. 

Summary, There is insufficient evidence to 
justify alteration of the K.ationnI Research Coun- 
cil's Recommended Dietary Allowance of nico- 
tinic acid, but Budicient to suggest that the figure 
is somewhat loo high. Evidence from dietary 
surveys suggests that the minimum requirement of 
a 70 kgm. man is probably less than 10 mgm. When ' 
the chief cereal of the diet is corn (maire) the re- 
quirement for nicotinic acid is probably increased. 
We must await the discovery of valid methods of 
diagnosing human nicotinic acid deficiency which 
docs not take the form of pellagra, before progress 
can be made toward determining the requirement 
more accurately, or determining what factors 
affect it 
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FURTHER STUDIES ON HUMAN REQUIREMENTS FOR RIBOFLAVIN 

HELEN T. PARSONS 

Dcparlment of Home lEconomics, UnivcTsity of Wisconsin, Madison 


Within the past year, two outstanding metabolic 
studies on the human requirements for riboflavin 
have been reported. The first, from the Mayo 
Clinic, (1) records data on four groups of in- 
stitutionalized subjects on quantitative diets for 
periods of from 246 to 288 days, with a preliminary 
period of high riboflavin intake. One group of four 
subjects was maintained for 288 days on a diet 
presumably adequate in all factors except for 
riboflavin, which was supplied by the diet as 0.35 
mgm. per 1000 Calories or a total of 0.7 mgm. per 
person per day. This level is probably representa- 
tive of the diet of certain population groups in this 
country. 

None of the ocular, cutaneous, oral, or lingual 
manifestations which have been widely accepted 
as evidence of certain degrees of ariboflavinosis 
occurred; physical and neurological examinations 
were negative. For the period of restricted intake, 

■ as a whole, an average of 14 per cent of the dietary 
riboflavin appeared in the urine of the four sub- 
jects. Averages of the excretions for the three 
subjects who were tested at like intervals are 
plotted against time for a period comparable in 
length to that used in the next study to be reported 
(fig. 1). The trend gives strong evidence of a con- 
tinued depletion of tissue stores of riboflavin at 
this level of intake over such a period. 

Most, if not all, of the cases of spontaneous 
human deficiency diseases involve the lack of more 
than one vitamin. That this might influence speci- 
fic avitaminoses was suggested by the work of Sure 
and Ford (2) who restricted thiamine in the diets 
of rats^and noted that the total urinary and fecal 
elimination of riboflavin increased two to seven 
fold over that of the control animals, mainly be- 
cause of poor absorption and an excretion of some 
of the stored riboflavin. Sure conjectures that the 
prevalence of thiamine deficiency in this country 
might be found to be significant in precipitating 
manifestations of riboflavin deficiency in border- 
line human cases. 

In the metabolic study of the Mayo Clinic, one 
group of subjects was given the basal diet without 
the B complex supplement which had been given 
to Group I. Symptoms and metabolic defects 
typical of thiamine deficiency appeared in this 
group and were readily relieved with adequate 
thiamine administration. However, no influence 
was apparently exerted on the rate of depletion 
of tissue stores of riboflavin by this simultaneous 
restriction of thiamine and possibly other mem- 
bers of the vitamin B complex (fig. 1). This is in 


agreement with the observations of Ferrebee and 
Weissman (3) who attributed no clinical signifi- 
cance to thiamine lack in the production of 
riboflavin deficiency, inasmuch as such influences 
on riboflavin balances as were demonstrated by 
Sure (2) are believed by them to be true only in 
terminal stages and are of no great importance. 
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Fig. 1. Per cent of riboflavin intake e.xcreted in 
the urine. 

(a) Keys’ 3 subjects, 152 days on 0.99 mgm. total 
riboflavin, 0.31 mgm. per 1000 Cal. 

— regular 24 hr. collections. 

A “saturation test” with 1 mgm. added, 24 hr. 
collection. 

(b-1 to -3) Mayo Clinic “saturation test” 4 hr. 
collection after 2 mg. intraperitoneally. 

(b-1) Group I, 3 subjects 0.7 mg. total 

flavin, 0.35 mgm. per 1000 Calories. 

^ (b-3) Group II, 2 subjects, same dose 

flavin, no other B-complex supplement. 

^ (b-2) Group IV, 5 subjects, 1.6 mgm. 

total flavin, 0.5 mgm. per 1000 Calories. 

(c) Mayo Clinic Group I, assays on 24 

hr. collection. 

The effect on riboflavin balance of high levels of 
thiamine intake, on the other hand, were also 
investigated by Klopp, Abel and Rhoads (4). A 
direct relationship existed between the thiamine 
administered and the proportion of riboflavin 
excreted by certain of their huihan subjects, 
possibly related to the phenomenon reported by 
Supplee and his associates (5) of a mobilization 
of riboflavin from the tissues into the liver in- 
fluenced by thiamine; nevertheless, the influence 
was transient and no indication was detected of 
any deficiency of riboflavin in body stores tbrougb 
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the \iMly rtdminktrsitioii of Inrpc. luuounts of Uiiii- 
mine for ns long ns T.f dnyn. 

For two otlicr Rnnips' of the Mnyo Clinic snh- 
jeetp, the intnUc of rthollnvin wiis incroa.sfvl over 
that in groups 1 ami 2; in one group, (wliicli liatl 
been planned an n part of a different ntudy) tho 
level was raised to O.o ingin. jicr 1000 Cnlories 
ehieny by a chnngc in the type of bread from that 
used for groups 1 and 2. No elcnr-cut nyinptoms 
of deficienry were observed. Tho ribodaviu stores 
at the. end of the .study were thought to bn belter 
than for groups 1 and 2, although there was evi- 
dence here also of progressively lessened output 
(fig. 1). In the fourth group, supplomcnln of 1, 2 
and 3 mgm. of riboflavin were given. When tho 
tot.nl int.akc was held at l.G mgm. per day, or 0.8 
mgm. per 1000 Calorics, for a period of 45 days, 
the excretion of "saturation" test doses seemed to 
indic.atc that this level was not as.soeiatcd with 
depletion of tissue stores. It was, therefore, con- 
cluded thnt the minimnl requirements of these 
subjects for riboll.nvin did not exceed O.S mgm. 
per 1000 Calorics and probably was nearer 0.5 
than O.S mgm. 

In contrast to tho use of very sedentary sub- 
jects in the first study, the second study was 
carried out on very active young men by Keys 
and his associates (0) to test whether any ab- 
normality of work performnneo would bo 
occasioned by a restriction of the dietary ribo- 
flavin to an intake as low ns one-third of the 
National Research Council’s recommended allow- 
ance. The six subjects were cooperative graduate 
students in a good state of p!iysic.al training; 
these were transferred directly from their ac- 
customed boarding bouse fare to the rc.striclcd 
weighed diet cont.aining 0.31 mgm. of riboflavin 
per 1000 Calories or 0.99 mgm. per person per day, 
a total amount about 60 per cent above that in the 
Mayo Clinic study, although 12 per cent less in 
relation to Calorics. Three subjects continued the 
diet for 84 days and three for 152 days. For tho 
latter subjects, this depiction was followed by a 
- period of 26 days of supercharging with 11.2 mgm. 
of riboflavin and then a return to tho low level for 
further tests. At intervals during 5 succeeding 
weeks on the boarding house fare, the urinary 
excretion was determined. 

The average proportion of the dietary riboflavin 
which appeared in the urine during the depletion 
period as a whole (12 per cent) was of the same 
order of magnitude as in the previous study. The 
percentage output declined from a level of 23 
in the first few days of the depletion to the general 
level of 19-14 per cent within about a month and 
a half. The results were considered to indicate 
a lower apparent saturation than that of the Mayo 
subjects. However, the importance of such a 
depletion of tissue stores was emphaticallj' dis- 


counted by llu! milliors, innsmueb ns llio output 
seemed to bo ho readily Htni)ilir.e(i at tho lower 
level for at least half of llic (hqdction period of 
five motitbs, and ns tho urinary excretion rose so 
abruptly when the intake of ril)onavin was in- 
creased, i.e., to 5t per cent of the intake of 11.2 
mgm., within one week. It must bo admitted tlmt 
the Hignificanco of tliis tc.sl of recharging body 
Btorc.s was largely ob.scurcd by the cxcc.s.sivo dos- 
age of riboflavin employed. 

A1 tboDgb the body was tlms shown to bo cnpablo 
of nccumnlating rcscrvc.s of riboflavin, the very 
swiftness of its loss indicated to the autiiors timl 
tlie rc.scrve was not great. Furlbcrmoro, there were 
no delectable penalties for this lo.s.s of reserve 
riboflavin, within the duration of the experiment, 
except a low excretion rate, innsmueb ns in the case 
of (hc.sc six sulijccts “work performance and tlio 
bodily responsc.s to work were csscnlinlly unaf- 
fected by the dietary alterations”. This lack of 
effect on work performance of low flavin was 
confirmed by a further experiment (7) in wliich 
the relative riliollnvin intake was <Iroppcd to 0.16 
mg. per 100 Calorics for 14 days on bard work 
(1800 Cal. daily). 

In comparing tho results of the two studies in 
figure 1, one is struck with the similarity of tho 
genera! trends. Graphically presented, tho per- 
centage excretion values give nu impression that 
after the first rapid depletion there m.ay have boon 
a slower loss for the remainder of the five months 
depicted, perhaps from a different typo of tissue 
stores. To cstahlisii thnt such a trend is without 
significance would probably require prolonged and 
tborougb experiments and observation. Hence, 
while the meticulous work of these studies has 
given ample assurance that over several months’ 
time even very active adults, if not previously 
depleted, will not show measurable harm from the 
restriction of tlic intake of riboflavin to a level far 
below the recommended allowance, nevertheless, 
ns was pointed out by tho authors themselves, the 
results arc not Intended to answer the question 
of possible effects of long continued use of such 
levels. This implication will be referred to 
again. 

A noteworthy feature of the results was the 
absence of cheilosis and significant changes in the 
eyes of the various subjects. The minor degree of 
opacities and vascularization at the limbus ob- 
served in five of Keys' six subjects initially did not 
progress during the depletion period nor did they 
disappear during the 12 weeks period of restora- 
tion. This is the more notable in that the sub- 
jects "crammed” for their comprehensive exam- 
inations during a part of tho depletion period, thus 
presumably subjecting tiieir eyes to severe strain. 
It has been the belief of many workers in this 
field, although now nidely questioned, that an 
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intensive use of the eyes or exposure to glare may 
create an increased need for riboflavin locally in 
ocular tissues. The suggestion of such a relation- 
ship, at least, was the basis of two recent studies 
with large groups of human subjects giving evi- 
dence of eye strain. 

One study (8) was occasioned by the opportunity 
afforded Tisdall and his associates of examining 
the nutritional status of the men in the Royal 
Canadian Air Force, a personnel subjected to 
extreme conditions of glare and eye strain and at 
the same time consuming rations found, by assay 
during a test period, to average only 1.6 mgm. of 
riboflavin daily. An ideal degree of objectivity in 
recording the conditions of the eyes was secured 
by the perfection of a photographic instrument* 
which employed such intense illumination that 
microscopic details could be clearly recorded by a 
flash too short to cause discomfort to even sen- 
sitive eyes,i.e., one thirty-thousandth of a second. 
The survey of 198 men classified only one of these 
(0.5 per cent) as having normal eyes. Perhaps the 
criteria of normality were set by these investi- 
gators at a more exacting level than that of many 
other workers. Seventeen of the men (S.6 per cent) 
.showed slight proliferation of the limbic plexus, 
87 (43.9 per cent) moderate proliferation, and 93 
(46.9 per cent) a severe stage of proliferation in 
which the cornea was penetrated with capillary 
twigs, streamers and loops. 67 per cent of this 
group suffered from two or more symptoms which 
might bCireferable to eye strain ; these were usually 
worse after flights in bright weather. Seventy of 
the 93 men were chosen for testing the effects of 
riboflavin therapy. About one third of these were 
given only placebos, thus insuring a control 
group. The other men received 9.9 mgm. of ribo- 
flavin taken in three equal doses during the daj'j 
a group of 21 men continued this for one month, 
28 men for two months. 

In view of the statement frequently made that 
any, ocular manifestations actually due to ribo- 
flavin lack will disappear under adequate flavin 
therapy in a few days, it is interesting that only 
one subject of those treated showed any such 
rapid improvement. Even in two weeks few of the 
subjects would have Been judged to be improved. 
On the other hand, after one month, six of the 
group of 21 men showed a marked or moderate de- 
crease in the degree of vascularization, 14 a slight 
decrease or doubtful change, and one man, an in- 
crease in vascularity. Increasingly pronounced 
effects were seen after two months in the group 
of 28 men kept for that time on the dosage. Twenty 
men now shorved marked to moderate improve- 

1 The Canadian Research Council has licensed 
the manufacture of this camera in the United 
- States. 


ment, 8 slight or doubtful improvement, and none 
had become worse. Accompanying these objective 
changes was a striking improvement in such 
general symptoms as tiredness of eyes, aching of 
eyes, and watering of eyes, a sandy feeling under 
the lids, dizziness, headaches, reading intolerance 
and decreased visual acuity. Some of the men 
themselves were surprised to note the improve- 
ment as they had considered their former dis- 
comfort was to be expected under the conditions 
present and in no way abnormal (9). In. the group 
receiving only placebos, the results were quite 
different. There was only faint improvement in 
any of the subjects in regard to ocular or general 
symptoms; six subjects became worse. 

Some criticisms and comments have been offered 
by Pirrie (10) on certain features of this paper: 
that some of the photographs appear out of focus 
in the printed reproductions; that the degree of 
improvement indicated by the authors might be 
questioned, in certain instances, from the evi- 
dence presented; that the subjective symptoms 
might well be attributable to a variety of origins; 
that the slowness of the responses to therapy in 
regard to vascularization is unlike the rapid cures 
reported for advanced riboflavinosis treated with 
large doses of riboflavin; that no one has demon- 
strated a connection between riboflavin and snow’ 
blindness, which is one well-recognized effect of 
glare ; that the implied incidence of ariboflavinosis 
in the Canadian population differs markedly from 
that found in England; and that the diagnosis of 
ariboflavinosis requires the support of other signs 
in addition to vascularization. It is to be expected 
that many of these points will be elucidated by the 
publication of further work. Pett (11) mentions a 
survey which was made among the Indians of 
Northern Manitoba, the report (12) of which is, 
as yet, not widely accessible. The survey showed 
an “astonishing incidence” of what appeared to be 
deficiencies of riboflavin, thiamine and ascorbic 
acid. The confirmatorj’’ studies which were under- 
taken have not yet been published. 

In Toronto, a nutrition survey (13) was carried 
out on a group of 232 individuals subjected to eye 
strain under different conditions from those in the 
previous study, i.e., close continuous use of the 
eyes in reading under ordinary uniform conditions 
of lighting. Many of these subjects complained of a 
sensation of eye strain. Therapy was aimed at 
evaluating the comparative efficiency of vitamin 
A and riboflavin in relieving the manifestations. 
The daily administration of 3 mgm. of riboflavin 
for ten weeks resulted in an apparent cure of 5 < 
•cent of the 28 cases of corneal vascularization m 
the group thus treated. This, in itself, might ha'C 
been accepted as evidence of a much greater effee 
tiveness of riboflavin than of vitamin A, inasinuc i 
as doses of vitamin A led to the loss of conjunctiva 
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opacUiPs in only 12 prr cont of t l\o 32 itorsonH tliow- 
iuR tliis mnnifpstation ivt Uw lippinniiiR of tltp 
treatment, lltwp.vpr, of flu’ 57 puhjpctao ho allowed 
corneal vaacnlariratiou at tlic first exainiimtion 
but were in proiipK rocoivinR vitamin A or placebos 
ami, henco, no oiUb'd riboliavin, •12 percent showed 
recovery, .\fterdoductinp this percent ape from lUe 
original 57 per cent of cvm'.s, the mitbors could 
point to only 15 per cent of the rases of vasculari- 
lation in wliieb cures could in fairness be attrib- 
uted to the, riboliavin treatment. However, in the 
riboflavin-treated group, more relief was experi- 
enced from general symptoms of strain, includ- 
ing red and watery eyes, than in the other groups. 

In an extensive nutrition survey of 1200 subjects 
in Tennessee, Youmans ami his associates (H, 15) 
noted a pronounced regression of corneal vascular- 
iration in two thirds of the 15 subjects reexamined 
.in the spring after the initial inspections of their 
eyes, with a slit lamji, in the fall. A change in the 
intake of riiioflaviu could not be held accountable 
for the improvement, inasmuch as diet records 
indic.atcd that the intake had, in fact, decreased 
slightly (from 0.03 mgm. to 0.53 mgm. per 1000 
Calorics) hence, the improvement was attributed 
tentatively by Youmans and his associates to the 
decreased ultra-violet and visible light during the 
winter months. This explanation correlated very 
well with the observation that virtually no negroes 
in the region of the survey had decisive corneal 
vasculariration, a fact which might bn duo to the 
dillcrencc in pigmentation between the two groups, 
inasmuch as the riboflavin intake was comparable. 
It was also in harmony with the absence of frank 
lesions o! atihoflavinosis of the tongue, lips or 
mouth in the white group showing ocular vascu- 
lariialion and with the fact that the occurrence of 
vasculariiation in the group of nearly oOO subjects 
e.vamincd with the slit lamp bore no clear rclation- 
Hhip to the dietary intake of riboflavin; for, if the 
exposure of the eye to light was the determining 
cause in producing a local deficiency of riboflavin, 
vascularization might well occur independently of 
these other factors. 

The possibility of the destructive action of light 
on the riboflavin of the eye had seemed to be given 
an experimental basis earlier by the results of 
■Johnson and Eckardt (16) who accelerated corneal 
Vascularization in rats on a riboflavin-low diet by 
exposing the heads and eyes to direct sunlight; 
this was true of a group of rats in which early vas- 
cularization was already present and also of a 
group which had manifested other signs of ribo- 
flavin deficiency but not vascularization. Of 
great interest, therefore, in this regard, is the ex- 
tensive study of Philpot and Pirie (17) on the 
distribution and nature of the riboflavin in ox 
ocular tissues. The distribution was found to be 
quite uneven. Only traces of flavin were detected 


in the vilrcmm ami mpieoUH Iminors, the Iodk niui 
the suhstauliii propria of the cormui. I'rom 2 to 3 
nigm. per gram of wnl liHsue were found in the 
corneal epithelium, ocular conjunctiva, iris ciliary 
body and choroid, 'riio two rielirsl tyjie.s of tissue 
were the retina with 3-f ng. and the laclirynui! ami 
jneibmwian glamlH, iiichtding the waxy Hccrolion 
of the latter, with *1-6 pg. per gram of wet tissue. 
Inasmuch ns the corneal epithelium wa.s found to 
he richer in riboflavin than the blood, one must 
coHchnie tliat tlie riboliavin is actively secreted 
cither across a membrane, in iiccordancc with the 
principles stated hy Duke-Elder and Dnvson (18) 
and as was postulated for nscorbie. acid in the 
inlraoeular fluid hy I'ricdcnwald, BuHcliko, and 
Michel (iff), or more indirectly llirougli a gland 
with an external accretion. Because of the relative 
richness of the lachrymal and meilmmian glands in 
riboflavin, Philpot and Pirie suggested the possi- 
hility that 1 he secretion of these glands hy bathing 
the cornea may be one of tiic sourcc.s of its flavili 
and that ocular lesions due to riboliavin lack may 
be c.ssentinlly in the glands themselves, reflected 
in their secretions. However, such a theory does 
not seem to be in harmon.v either with the lack of 
effect of removing the lachrymal and meihominn 
glands (17) or with the results of experiments per- 
foniicd by .lolinson and Eckardt (10) in which they 
covered the corneas of ritioflavin-dcficicnt rats 
with ointment or liquid petrolatum and noted that 
this method of excluding oxygen from the corneal 
epithelium did not hasten vaseularization. Inas- 
much ns lachrymal secretion was also presumably 
excluded from the cornea hy tlii.s procedure, the 
cfTicacy not only of atmospheric oxygon but of 
tears as well, would apparently be called into 
question. 

A direct test was made by Philpot and Pirie (17) 
of the Ught-lahility of the flavin of ox eyes by ex- 
posing them, cooled in ice and bathed in cold sa- 
line, to either 1 hour of bright sunlight or to an 
ultraviolet lamp at a distance of S inches. There 
was no diminution in the riboflavin content of the 
eyes in cither ease. Tliis result was not unexpected 
by the author.s because of the fact that in no tissue 
of the eye assayed by them was the riboflavin in 
the free form, with the possible exception that a 
part of that in tlie retina may have lieen free; , 
in other tissues it was in the combined form as 
adenine-flavin diniiclcotide or flavoprotcin, 
neither of which is photolabiie. 

Although these results were clear-cut, they do 
not preclude the possibility that the conditions 
for the destruction of riboflavin or local lack of it 
may be quite different in the living eye. In the first 
place, although the authors at.atc that the ribofla- 
vin was found to be in the combined form in tears, 
this determination was, perhaps, the least conclu- 
sive in excluding the presence of the free form, of 



166 


FEDERATION PROCEEDINGS 


those they performed because of the difficulty in 
obtaining adequate samples of tears. Moreover, 
there are known to be two physiological types of 
stimulation of lachrymation and these might con- 
ceivably differ in regard to the eonccntration 
and form of riboflavin in the tears produced. 
From a theoretical standpoint, one would expect 
the lachrymal secretion to eontain free riboflavin, 
inasmuch as two typical secretions, milk and urine, 
do so. The ox eyes tested with light for loss of ribo- 
flavin were not bathed in physiologically normal 
lachrymal secretion. Even the flavin within the 
eye tissue might be more vulnerable in living than 
in a lifeless specimen because many compounds 
are known to occur in quite low concentrations 
within the body at any given time due to the rapid- 
ity with which they are transformed in metabolism. 
In the case of riboflavin, the chance of de- 
struction of the free form might exceed its appar- 
ent concentration in ocular tissues. Moreover, 
light and strain in the eye might conceivably initi- 
ate destructive metabolic processes in living 
tissue aside from a direet destruction by the light 
itself. In regard to the possibility of an unusual 
incidence of ocular signs among aviators or indi- 
viduals with snowblindness, it might be conjec- 
jectured that the light reflected from snow or 
clouds might be of a sufficiently different quality 
from ordinary light as to produce a somewhat 
specific effect on the eye. 

However, the question as to whether the eye is 
rendered deficient in riboflavin through the aetion 
of light is only one small part of the larger problem 
which has been intensively debated, especially for 
the past two years, as to the identity of the specific 
signs of ariboflavinosis, the value of ocular mani- 
festations in the early appraisal of riboflavin 
deficiency, and the actual frequency of occurrence 
of ariboflavinosis. 

It is believed by some authorities that a lack of 
knowledge of the exact anatomy of the eye may 
have led to misconceptions and fallacies. The 
terms, “corneal vascularization” and “prolifera- 
tion of the limbic plexus” have evidently been em- 
ployed with various meanings. Gregory (20) points 
out that they have been used frequently to denote 
only an engorgement. The area actually referable 
to the limbus itself, he believes, is sometimes only 
vaguely defined; it should be recognized as denot- 
ing the whole zone where the sclera and cornea 
overlap like a watch glass in a groove, of variable 
width but averaging 1 mm. Vessels seen in this 
area may be inaccurately ascribed to the cornea. 
The concept of a “normal avascular zone” between 
the limbus and the cornea is thought by Vail and 
Ascher (21) to result from an incorrect interpreta- 
tion of the facts. The fine vessels which occur nor- 
mally in this zone are customarily empty of red 
corpuscles and are relatively invisible. However, 


\ 

Vail and Ascher consider that even the most dis- 
tally situated of those limbal loops of the super- 
ficial marginal plexus contain a fluid, probably 
blood plasma or plasma diluted with aqueous 
humor. Even slight irritations may fill these pre- 
viously invisible loops with red cells very quickly. 
Hence, the mere presence of filled vessels in trans- 
parent tissue is not a proof of “corneal vasculari- 
zation.” The authors believe that the term is 
merited only when real vascular proliferation, or 
the formation of entirely new blood vessels has 
taken place, as in corneal disease. They prefer to 
employ the terms “limbal hyperemia” and “con- 
centric collaterals” to designate the engorged 
vessels of a preexisting limbal plexus; here, the 
only proliferation which may take place is a multi- 
plication of the cells of the engorged vessel walls 
to permit an increase in diameter. 

Vail and Ascher distinguish between the extent 
and the intensity of the hyperemia of the limbal 
meshwork; They believe that the extent is condi- 
tioned by the duration of the disease; the intensity 
parallels the severity of the causative pathologi- 
cal process. In only long standing inflanunation 
would they expect to find genuine vascular pro- 
liferation into corneal tissue proper beyond the 
most distal arcades. Gregory (20) also emphasizes 
the multiplicity of the agents capable of readily 
inducing a superficial circumcorneal injection: 
vigorous rubbing of the eye for a moment; exposure 
to wind, cold, bright light, mild chemical irritants; , 
mild infections; injections of nicotinic acid; and 
numerous other causes. 

The characteristics which are believed to mark 
off corneal vascularity due to a deficiency of ribo- 
flavin from corneal vascularity due to other causes 
are variously defined. The following opinions have 
been expressed in recent publications: Circum- 
corneal injection may be considered an early 
stigma of ariboflavinosis only when supported by 
other clinical findings (22); only the invasion of 
the clear cornea by capillaries of the limbus is 
likely to be of definite dietary origin, although, 
some mild ariboflavinosis might be excluded by 
this standard (23); “this is always bilateral, 
though not always equally advanced in both eyes; 
it is always symmetrical — that is, it invades the 
whole circumference of the cornea in both eyes, 
although owing to the sclerocorneal ‘overlap’ m 
the segment of the cornea covered by the upper lid 
it is rarely conspicuous there; it forms a more or 
less regular pattern of very fine, ■ streamerlike 
superficial vessels . . . Circumcorneal injection is 
frequently absent until a late stage, when deep 
vascularization and corneal opacities may appear 
. . .” (24). In addition to the objecfive records 
of ocular signs already mentioned (8) (21), an- 
other such record is the publication of photomicro- 
graphs of a human eye of a subject previousb 
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■diagnosed by Ibo alii lamp ns dolicienl in ribnlln- 
nn. The eye was removed postmortem nntl in- 
jected with India ink {-'>). 

The (Inal criterioti whieli distinguishes orulnr, 
as well ns other manifestations for which a dcl'i- 
cioncy of rihollavin is responsible, from other types 
of pathological signs is generally agreed to be the 
response to rihollavin doses carefully adminis- 
tered. Evidence from such tests, some of which arc 
fiimmari.'cd below, is seen to be conilicting and 
confused. Attempts have also been made with, 
perhaps, even less success to correlate specific 
manifestations of deficiency with the food intake 
of the individuals in which the signs occur. Accu- 
r.atc dict.arj’ records arc liitlicult to obtain at best, 
and, in the c,ase of chronic deficiencies, the records 
must cover considcr.ablc jieriods of lime in order 
to furnish nny conclusive correlation with the 
development of manifestations. The expedient of 
questioning the patient about his dietary h.abit.s 
may yield approxim.ations of some limited value, 
but those who have worked extensively in thi.s 
field arc conscious of the limit at ions of this met hod 

(OS). 

Pirio (27) hase.vprc.sscd regret that ophthalmolo- 
gists arc prone to ignore the findings of research 
and investigators to neglect detailed examinations 
of the eyes. The paper of Vail and A.sclicr (2 J ) is of 
particular importance because tlio authors worked 
both in a department of oplith.almology and in a 
nutrition clinic over a period of three years. They 
examined the eyes of 711 patients; part of these 
were in the Birmingham Nutrition Clinic, part in 
the Outpatient Eye Clinic of tlic University of 
Cincinnati. Concentric collaterals wore found in 
about an eighth of the Alabama patients and in 
over one half of those seen in Ohio. Subjective 
ocular EjTnptoms and frank conjunctivitis were 
common but corneal vascularization was absent 
except in patients giving evidence of previous 
cornea! disease. No correlation was found between 
tbe occurrence of concentric collaterals and 
quality of diet in 69 patients studied. The effect of 
riboflavin therapy was negative in tbe cases 
treated. 

Macbella (28), and Machella and McDonald (29) 
have presented evidence for their doubt of the 
validity'of the so-called ariboflavinosis syndrome. 
They cite instances from the literature of failure 
of riboflavin therapy to relieve cheilosis, dermati- 
tis, keratitis, or glossitis, and of evidence which 
they believe justifies their skepticism as to whether 
riboflavin was the active agent or some other fea- 
ture of the treatment, where improvement was 
secured. From their own studies, they report 
negative results from tbe use of 6 mgm. or more of 
riboflavin for 4 to 180 days in the treatment of 28 
subjects showing one or more manifestations as- 
■ Bribed to riboflavin deficiency, namely, 13 cases 


with cheilo.sis, 4 witli jMmipliigus, 9 willi corneal 
le.Hion.s, and 6 with typical glo.s.silia. Even with the 
added use of liydroelilorie acid no Hignifieant 
favorable response was M(!cured ii\ any aiilijecl 
except in tho.se instnnce.s wliero pure riboflavin 
was replaced by some oilier therapeutic aupplc- 
mniil .such ns brewer's yeast. 

Goldsmill) (30) liad opimrtunily to observe the 
elTnct of riboflavin therapy on cases diagnosed as 
deficient in riboflavin. She aiipraiBod the nutri- 
tional slnlus of 200 consecutively ndmilted pa- 
tients in Charity Hospital in New Orleans; aymp- 
tom.s and physical signs were judged to give 
decisive evidence of nriboflavinosiH in 41 patients 
(22 per cent). Sligiit cornc.al vascularization was 
common, responded little or not at all to riboflavin 
therapy and was not considered evidence of ribo- 
(lavin lack. Administration of riboflavin was cfTco- 
tivc in rapidly clearing conjunctivitis and aubjcc- 
live ocular symptoms, more slowly with tlioso 
Ic-sions of lips, tongue and cornea which responded, 
and most slowly with certain skin lesions. Inade- 
quacy of riboflavin was thought by Goldsmith to 
he t lie most frequent cause of deficiency disease in 
that locality. 

From C.5S urinary rihollavin determinations, 
Fedcr, Lewis ami Aldcn (31 ) judged that the body’s 
supply of riboflavin was more fairly reflected 
when the excretion was expressed ns ng. per ml. 
than ns /ig. per hour of collection. An arbitrary 
assumption was made that, below an excretion of 
0.3 ftp. of riboflavin per ml. of urine, an individual 
was in a stale of dcficioncy. On this basis, 25 per 
cent of a group of medical students were deficient, 
as were also 30 per cent of white draftees, 50 per 
cent of negro dr.aftccs, and C5 per cent of a rural 
population (vicinity of Atlanta). 

Clarke and Prescott (32) reported 17 cases of 
vitamin B complex deficiency seen by them among- 
patients witli nervous disorders. Nearly all of them 
showed at least one of the signs originally consid- 
ered specific for riboflavin deficiency. In only a few 
of these cases did tlie treatment consist in dosage 
with riboflavin alone; stomatitis was reported to 
respond in a short time and improvement con- 
tinued for weeks. Duckworth’s two cases of cuta- 
neous and oral lesions healed on the administration 
of riboflavin (33) but therapy was not restricted to 
this. 

Four hundred consecutive patients of the clinic 
and wards of the Stanford University Hospital 
were e.xamined and judged in regard to nutritional 
and vitamin deficiencies (34). Appro.ximately a 
fourth were judged to be taking a poor diet; 11.4 
per cent of these gave evidence of clear-cut vita- 
min deficiency. Many of the oases had multiple 
deficiencies; two were judged definitely deficient 
in riboflavin and one mildly deficient. 

Circumcorneal injection occurred in 34.3 per 
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cent of 204 unselected patients in the Edinborough 
Royal Infirmary (35), ''and in 68 per cent of those 
aged 60 or over; in 8 uncomplicated test cases the 
injections did not respond to riboflavin therapy 
but did do so in 5 of 8 patients who gave evidence 
of vitamin deficiency. 

Six volunteers were secured for a riboflavin de- 
pletion study (36) from a group of students for 
whom a special diet table was provided by the 
student health service at the University of Minne- 
sota. These six individuals were on a reducing 
regime and presumably restricted their food intake 
to the diet furnished at their special table, which 
provided 71 mgm. protein, 1300 Calories and 471 
fig. of riboflavin daily for the five weeks of the 
experiments. Three of the subjects were given 3 
mgm. of riboflavin in addition daily. It was in this 
control group that the only definite evidence of 
corneal vascularization occurred. Moreover, this 
failed to respond when 9 mgm. daily of riboflavin 
were given. One subject in the depletion group 
experienced severe photophobia which persisted 
until the normal diet was resumed. It might pos- 
sibly be significant that these two were the only 
subjects who showed a decided loss of weight dur- 
ing the period, 12 and 8 pounds, respectively . They 
were, in all probability, in negative nitrogen bal- 
ance. In an experiment on the influence of protein 
metabolism on riboflavin stores (37), 13 human 
.subjects excreted a daily average of 1.45 mgm. of 
urinary riboflavin during a fovxr-day fast, the 
. magnitude of the excretion suggesting an origin 
ch'efly in the liver. This is in harmony with earlier 
work on rats (38). 

The question has been raised as to whether or 
not riboflavin therapy may be efficacious against 
manifestations, especially ocular ones, which do 
not result from riboflavin deficiency per se. Wol- 
bach and Bessey (39) considered it possible that 
liberal riboflavin therapy might be of value in 
corneal injury of diverse causation. Conners, 
Eckardt and Johnson (40) found that rosacea 
keratitis, marginal corneal ulcers and catarrhal 
corneal infiltrates responded immediately to 
parenteral injection of riboflavin. On the other 
hand, only negative results were obtained by Fish 
(41, 24) in treating 10 cases of acne rosacea kera- 
titis with riboflavin alone, whereas healing re- 
sulted in 30 individuals, including these 10, when 
routine treatment was given, with or without 
■accompanying doses of riboflavin. Wise (42) also 
failed, except in one case, to relieve rosacea kera- 
titis in 21 patients whom he treated with adequate 
doses of riboflavin. This discrepancy in results 
among these investigators has not been resolved 
but may rest, in part, on differences in diagnosing 
and classifying cases of a complicated disorder of 
unknown etiology, and, in part, on a difference in 


the prevalence of riboflavin deficiency in the areas 
represented by these investigators. 

Not only ocular signs but cheilosis also has been 
questioned as a specific manifestation of riboflavin 
deficiency. Eight of Machella’s patients who had 
no signs of deficiency except cheilosis failed to im- 
prove with riboflavin therapy (28). This was true 
also of 34 oases reported by Ellenberg and Pollack 
(43); 32 of these were edentulous, 1 had only I 
tooth remaining and 1 was a case of malocclusion. 
The corners of the mouths sagged into creases in 
which saliva tended to be retained and give rise to 
fungus growth. The cases responded to proper 
dental adjustment, not to riboflavin therapy. 
Nippert and McGinty (44) encountered a mixture 
of this type and true ariboflavinotic cheilosis in. 
the same patient; both dental adjustment and 
flavin were necessary for cure. 

Jeghers (45) has given an interesting phj'siologi- 
cal interpretation of the specificity of the two types 
of glossitis due to pellagra and to ariboflavinosis 
respectively. 

A number of surveys of populations have been 
made for signs of riboflavin deficiency, with or 
without the collection of dietary records or tests 
with therapy. 

Sanstead’s 366 subjects (46) comprised children 
7 to 18 years of age in a parochial school. National 
Youth Administration workers, and a group of 
adults. 80 to 95 per cent of these individuals had 
some degree of corneal invasion bjf capillaries. The 
children showed an incidence of 36 per cent of cen- 
tral penetration of the cornea with 2 or more tiers 
of capillary loops, whereas the incidence was 72 
per cent among the N.Y.Ai workers v.dio probably 
were on a poorer economic level. The adult group; 
however, ranked higher than either of these groups 
in regard to incidence of severe stages (4 or more 
loops), the percentage being 5.8 as against 1.9 for 
the children and 3.7 for the youths. Fifty-two in- 
dividuals received riboflavin therapy; 6 mgm. were 
given three times a day to the older groups for 60 
days and twice a day to the children for 49 days. 
Each group had an appropriate control group to 
which no supplement was given. No significant 
improvement was observed; although fluctuations 
in the area and degree of involvement occurred 
during the study, this was not essentially different 
in the treated and control groups. Hence, Sand- 
stead doubts whether such superficial vasculariza- 
tion of the cornea as he observed in this study 
should be regarded as a diagnostic sign of ribofla- 
vin deficiency. 

Twenty-four women in a low income population 
group in Austin, Texas, (47) made collections of 
duplicates of their daily diet for analyses for pe- 
riods of 1 week or more and were examined for 
anatomical evidence of vitamin deficiencies. The 
average intake of riboflavin was 0.68 mgm. per 
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HXXl Calorirs nr 0.78 wnm. inlnl per (iny , vnupinp 
from 0.52 mpm. U> l.S mem.; the hitter lipure in the 
rocommeiuUvl thiily alloMiinee for a ^edentary 
woman. The intake of 10 out of tlie 21 women fell 
between one fourtli ami one half of the reoom- 
meniieii allowance. (.Oieilo-iii, corneal vaacnlarity, 
or skin Ic.Mons, charaelerisiic of arihollavino.sis, 
were fouiui in 7 of the 1.5 .subjects evainincd hy Dr. 
Xomwn Jolliffe. 

Gregory {2l)) examined 10.50 .snpiio.sedly normal 
people and found only a H per cent occurrence of 
corneal vasculariration comparable with nrihofla- 
vino.sis. Only about half of Ihe.se had injection or 
even fullne.^s of the limhie plexus and only a fourth 
showed other signs ns glossitis or elieilosis. 

Wilson (18) examined :!ll.5(l IKfordshire children 
in 19W and subst.antial proportions of these in two 
succeeding years. He found 1 1 eases of cheilosis 
the first year and S new ease.-' in t he two succeeding 
yc.ans. 

One thous.rnd one hundred and fifty-three air- 
craft workers in Southern t'alifornia showed a high 
incidence (23 to -13 per cent) of subjective ocular 
sjinptoms. There was some degree of corneal vas- 
culariiaticm in every ease and streamer type 
arcades in d2.5 per cent; ‘.>.3 per cent had 1 or more 
of other physical signs of ribotlavin deficiency. 
Diet histories showed that most of the men wore 
geltingraodcr.atclygoodamount.sof riboflavin (19). 

Milam (50) found a mill community in Xorth 
Carolina to have a ribotlavin intake about one 
half of the standard recommended allowance. 

In a nutrition survey carried out by Uiggs and 
associates (51) on 2G0 boys and 2.S0 picks in an urban 
suburb near Toronto, a compari.sou was made 
between the nutritional status of ttic.«e children 
and their intake of rihofiavin ami other factors. 
The records of foods consumed for one week indi- 
cated that -13 per cent of the hoys and Ct per cent 
of the girls ranked as excellent in their intake of 
riboflavin when this was compared wit li the recom- 
mended daily allowance approved tiy the Canadian 
Council on Nutrition. Phy.sic.al examinations re- 
vealed no cases of cheilo.sis. No correlation w.as 
found between riboflavin intake and ocular mani- 
festations. About a fifth of the group had intakes 
of riboflavin less than 70 per cent of the recom- 
mended allowance but practically none of these 
showed comeal vascularization. Most of the 7 per 
cent of the girls and 5 per cent of the boys who 
showed moderate or marked vascularization were 
found among the group whose dietary records in- 
dicated an excellent intake of ribo.flax’in. Somewhat 
the same distribution between the groups held true 
for photophobia and lacrimation. The authors 
express doubt as to the xmlue of the specific tests 
available at present for the detection of so-called 
subclinical states. This opinion seems to be shared 
by many others; it appears necessary to defer 


judgment fur t!\e present on tlie pre-vateiice of 
rihollavin defteieney in the population at large. 
Variou.s di.HCUh.sions, reviews and symposia on 
different aspects of the human reipiirement for 
rihollavin have appeared (20, 27, 52 to 03). 

Experimentation on the reipiirementa of animals 
for rihofiavin lias furnished a very valuable basis 
for searehitig for eliiiical mauife.stalious of aritm- 
tlavinosis in man and for idanning dejdetion 
studies with human siilijects. Work witli animals 
is jierhnp.s a particularly desirable preliminary in 
the e.a.se of this vitamin, innsmiieh as the period 
ueee.ss.ary for manife.stntionsof depletion of human 
subjects may he more [irolongeil than for thi.ainino 
ami ascorbic arid ami sevi're clinical cITcct.s may 
possibly be les.s completely reversible. 

Tbere are, necessarily, problems inberent in the 
conversion of even well estaiilislied <|Uaiititative 
re.siilts with animals to Imtiiiiii reipiircmcnts ami 
recommended allowaiice.s because of sueh differ- 
eiiccs in the two types of sidijccts, as size, surface 
area, rate of metabolism, activity, typc.s of inlc-s- 
litial flora and many other factors. However, tlie 
broad basis fiirnislied by resulf.s with animals 
makes for economy in setting up experiments with 
human subjects. 

It would he ox|K!cled that the results of labora- 
tory experiments with monkeys a.s representatives 
of primates would be particularly applicable to 
human requirements. It Is of great interest, there- 
fore, that a preliminary report ha.s recently ap- 
peared (Oil) on the manifestations of riboflavin 
deficiency in the monkey . These included failure of 
growth, astlienia. incoOrdlii.ation of limbs, a spe- 
cific typo of donnatitis, and a .sharp drop in hemo- 
globin and to a less extent, in while blood colls, 
shortly after flic aiiiioarnncc of tho dermatitis. 
The dermatitis, of a peculiar “freckled” typo ap- 
pearing first ns snmll red dry spots, later as exten- 
.sive dark scabs, was distributed chiefly at sites of 
h.air growth on the face and groin, and, in .severe 
cases, in ot her areas. Biotin additions had no effect 
on the pathological signs. It was particularly 
notable that no cheilosis occurred nor were the 
eyes involved; although no histologic.al sections or 
examinations with slit-Inmp microscopy were 
reported, no vascularization of tho cornea was seen 
grossly, even after 5 to 7 months maintenance on 
the ration low in riboflavin. It is well recognized 
that the results of acute doficioncies may differ 
from those of the mild chronic typo. 

The freckled derm.atitis of the riboflavin defi- 
cient monkeys responded completely to sufficiently 
high doses of riboflavin, i.e., 100 to 500 itg. per day, 
in as short a time as 10 to 14 days. Smaller do.scs 
were effective in the milder cases. The anemia, 
however, persisted much more stubbornly. From 
these preliminary studies it is estimated by this 
laboratory (65) that an adult monkej- can be main- 
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tained on an allowance of 15 to 20 ng. of riboflavin 
per kilogram of body weight and a rapidly growing 
monkey on about double this dosage. This is of the 
same order of magnitude as the requirement of the 
dog for riboflavin. A recent report (66) showed 
that an adult dog of 10 kgm. or over could be main- 
tained on 15 /ig. of riboflavin per kilogram of body 
weight and that 30 pg. per kilo was a mimimum 
level for good growth in young dogs. That this 
standard is less than the previously reported one 
(67) of 50 to 60 fig. per kilo for growing dogs prob- 
ably is accounted for by the different sizes of the 
animals and by the relative distribution of the 
total intake of riboflavin in the ration, in the pure 
synthetic form and in a liver extract, with the 
possibility of resulting differences in absorption, 
excretion and intestinal synthesis (68). Taking 
these factors into consideration, the probable 
requirements might be estimated as 25 ng. per kilo 
for the adult dog and 40 for the growing dog (65). 

The needs of two types of rats for riboflavin and 
thiamine have been compared (69). The white rat 
was found to require 80 to 150 fig. of thiamine per 
100 gram of synthetic ration, the cotton rat circa 
150; the white rat 100 to 150 ;xg. of riboflavin, the 
cotton rat more than 80 and less than 300 fig. 

Long-continued experiments in Sherman’s lab- 
oratory have demonstrated that the total results of 
mild deficiencies of riboflavin are not necessarily 
quickly apparent (70) . The effect of liberal levels of 
riboflavin intake in increasing the nutritional well- ' 
^ being of rats was not clearly appreciable in the 
, ■; first generation but became apparent through suc- 
M ' essive generations maintained on the diets. Adult 
itality and length of life were satisfactorily sup- 
ported by 3 fig. of riboflavin per gm. of air-dry food 
mixture; however, more favorable growth of the 
offspring and ability to tolerate subsequent low 
levels of riboflavin and of thiamine were conferred 
by a threefold higher riboflavin intake. 

During some experiments on blood regeneration 
in dogs, a delicate test of riboflavin deficiency was 
discovered (66) which was observable among the 


earliest of those characteristic manifestations 
which occurred during the riboflavin depletion. 
Whereas a pure synthetic diet supplemented with 
a full quota of crystalline B vitamins was adequate 
for supporting hemoglobin regeneration during 
long periods of bleeding, it became inadequate for 
this purpose when riboflavin was omitted from the 
supplements, thus producing an uncomplicated 
deficiency for this factor. Competition of growth 
for the riboflavin available made the regeneration 
of hemoglobin a more serious problem in growing 
dogs than in adult. 

Thus, agaiii, accent is given to the protection 
which an adequate intake of riboflavin affords in 
such emergencies as loss of blood. 

An even more spectacular demonstration of 
latent injury due to riboflavin lack has been fur- 
nished by some remarkable experiments on con- 
genital defects. Striking malformations in new- 
born rats produced by mothers on a deficient diet 
of corn meal, wheat gluten, viosterol and inorganic 
salts, and preventable by small additions of dried 
pig liver, were reported in 1942 by Warkany and 
Nelson (71, 72), Later, the use of a purified diet 
with additions of members of the vitamin B com- 
plex in synthetic form, led to the discovery that 
the absence of riboflavin had been responsible for 
this peculiar abnormality (73). The malformations 
included the shortness of certain bones) the fusion 
of others, supernumerary digits and cleft palate. 

Thus, a dietary lack of riboflavin not complete 
enough to seriously repress growth and reproduc- 
tion nor to produce noticeable manifestations in 
the first generation, nevertheless, interfered with 
the normal development of embryonic tissues. This 
demonstration gives grounds for hesitancy in ac- 
cepting short adult human depletion experiments 
as the sole basis for recommendations for allow- 
ances of nutritive factors for long-continued 'use 
by heterogeneous populations. The conclusion 
may be accepted that “further evidence is needed 
before any level can be established” (60) . 
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THE THIAMINE REQUIREMENT OF MAN 
L. EMMETT HOLT, Jr. 

Deparlmenl of Pediatrics, Johns Hopkins Universiltj, Baltimore, Maryland 


-4.n accurate knowledge of human thiamine re- 
quirements is a very pertinent matter at the pres- 
ent time. The physician wishes to know when to 
prescribe thiamine, the home economist is con- 
cerned about the need of supplementing conven- 
tional diets with vitamin preparations and the 
food manufacturer seeks light on the question of 
whether or not to reinforce his food products. 
Without such accurate knowledge governmental 
agencies find it difficult to make wise decisions on 
many questions affecting the public welfare — the 


problem of proper labelling of foods and drugs, the 
even more \rital matters of food rationing and food 
export to war-torn countries. Prom the point of 
view of the national economy the question as to 
whether the present enormous annual expenditure 
for B vitamins is justified or whether the public 
would not be better served by diverting this outlay 
into other channels, is one that demands an 
answer. An exact answer to these questions cannot 
be given at the present time, for the gaps in our 
knowledge are still wide. To point out these gaps 
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and to define the applicability of such data as is 
now available will be the task of the present 
review. 

The present discussion will be limited to a con- 
sideration of the minimum thiamine intake required 
for the maintenance of health — a question of fact. 
How much of a margin of safety should be allowed 
beyond this is a matter of individual opinion. 

Two types of data are available for determining 
minimum requirements; studies of the intake re- 
quired to protect individuals from deficiency, as 
manifested by accepted symptoms and laboratory 
criteria, and studies of the intake required to abol- 
ish such manifestations. The prophylactic experi- 
ments are likely to place the requirement slightly 
on the low side because of their limited duration 
which does not exclude the possibility that symp- 
toms might have developed in a longer time. They 
are, however, far more accurate than therapeutic 
studies in which an unnecessarily high dosage is 
invariably given. For this reason only the prophy- 
lactic studies will be considered here. 

Although it is clearly appreciated that the thia- 
mine requirement is affected by the composition of 
the diet as well as by other factors which are dis- 
cussed below, we shall follow the convenient 
practice of expressing thiamine requirements in 
terms of milligrams per 1000 calories. 

The thiamine requirement of the normal adult. The 
first direct observations on this point are those of 
Jansen in 1932 who assayed the diets of Javanese 
laborers. According to his estimates, (1) a diet 
containing 200 units (0.6 mgm.) per day was suffi- 
cient to protect against beriberi. A slightly higher 
figure for the normal Javanese dietaryis given in a 
subsequent report by Van Veen, (2) who places the 
daily intake between 0.6 and 1.0 mgm. per day. 
Since the caloric intake of this group is usually 
between 2200 and 2500 calories, it appears that a 
thiamine intake between 0.24 and 0.44 mgm. per 
1000 calories will protect them against deficiency. 
These observations from the Netherlands Indies 
are of particular interest as contrasted with more 
recent experimental studies in this country. It is 
noteworthy that the protection obtained was per- 
manent. The high proportion of carbohydrate in 
the Javanese diet was a factor unfavorable to a low 
thiamine requirement. On the other hand the diet 
was a monotonous one, a factor somewhat favor- 
able to a low requirement. 

Since 1936 a number of studies have been re- 
ported in the American and English literature in 
which volunteers have taken diets deficient in 
thiamine for variable lengths of time. In some of 
these, indubitable evidences of thiamine deficiency 
developed and were abolished bj' the administra- 
tion of thiamine; in others the development of 
thiamine deficiency is highly questionable. The 
studies of Alvarez et al (3) failed to yield impres- 


sive evidence of thiamine deficiency. The restric- 
tion of thiamine in their experimental diets was only 
moderate and the manifestations they observed- 
anemia, abnormalities of gastric secretion— do not 
conform to the picture of thiamin deficiency as 
generally recognized. Jolliffe and his collaborators 
(4) reported the development of thiamine deficiency 
in a group of hospital internes who ingested a low 
thiamine diet; the manifestations of deficiency de- 
veloped within a few days and responded promptly 
to the administration of thiamine. Doubt has been 
cast on the validity of these observations by subse- 
quent workers who have found that a far longer 
time was required to produce symptoms. Wang 
and Yudkin (5) in experiments on a thiamine defi- 
cient diet obtained symptoms within the first two 
weeks — constipation, lassitude, anorexia and 
fatigue — but they concluded that these could not 
be attributed to thiamine deficiency since they were 
not abolidlied by a thiamine supplement. Shils, 
Day and McCollum (6) obtained no symptoms or 
elevation of bisulphite-binding substances in the 
blood in the course of 38 days on a diet containing 
between 0.15 and 0.18 mgm. of thiamine per day, 
and Najjar and Holt (7) in a single experiment 
lasting 40 days observed no symptoms on a diet 
completely devoid of thiamine. Robinson, Melnick 
and Field (8) gave a single subject a diet contain- 
ing 0.267 mgm. per day, and between the 12th and 
22nd days observed the development of pain and 
tenderness in the calf muscles, paresthesias and 
dyspnea on exertion, symptoms w'hich responded 
to a supplementof crystalline thiamine. However, 
these workers w’ere unable to demonstrate a rise in 
bisulfite-binding substances in the blood of their 
subject, nor any reduction of this value following 
the administration of the supplement. 

During the past few j'ears extensive studies of ex- 
perimental thiamine deficiency have been carried 
out by 4 groups of investigators ; by Williams and his 
collaborators (9) from the Mayo Clinic, by Elsom 
et al. (10) at the Philadelphia General Hospital, by 
Keys and his collaborators (1 1 ) in Minneapolis and 
by Najjar and Holt (12) in Baltimore. In a series 
of well conceived and well executed experiments 
carried out upon inmates of a psychiatric hospital 
the Rochester investigators studied the effect of 
diets containing different levels of thiamine^ for 
prolonged periods of time and made observations 
upon symptoms, thiamine excretion and blood py- 
ruvic acid. They concluded (9f) that an intake of 
0.45 mgm. per 1000 calories was not quite adequate 
to prevent symptoms and biochemical changes of 
deficiency, and that the minimum requirement 
must be slightly aboye this figure. Elsom and her 
collaborators, who likewise carried out long term 
experiments on carefully analyzed diets, 
that a somewhat lower intake — 0.35 mgm. per 1000 
calories — prevented symptoms. In the Minneapo if 
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studios nn intake of O.'dit ini:in, tier 10Di> calorios wna 
found tol'O oamjialildo with lioaltli, ami even lower 
fipircs wore found in the study of Najjar and Ifolt 
(0.15 mi;>n. per 1(V)3 e.vlorioa). Tlie.se dilTeroncoa in 
rcqiiironiont are not irroonnrilalde. In p.arl they 
may be attrihutod to dilTorencr.s in experimental 
conditions, in pari to diffort'noo.s in interpre- 
tation. 

In the opinion of the reviewer the clinical ami 
laboratory critcri.a nccetttcd by the Koehc.stcr in- 
vestigators as evidence of thiamine deficiency have 
not been sufficiently rigorous. Mueh stre.ss is laid 
by them upon .a group of ncurasthonie symptoms 
which appeared upon the experimental diet and 
wo reinterpreted nsevidcnce of thiamine deficiency. 
The difiicultie.s in evaluating such symptoms are 
obvious and arc admitted by thc.so invc.sligatora 
themselves. The possibility that psychological 
factors related to the exticrimcnt may have played 
a part in the production of tho.sc symptoms is very 
difiieult to exclude. It is also worthy of note that 
in sonic of the lloche.stero.xperinient.s at least (M), 
an anemia developed on the experimental diet. 
This finding, which is not n part of the recognized 
picture of thiamine deficiency, may well explain 
somcof thcs>‘mptoms noted. It is germane to point 
out that similar neura-sthenio symptoms have been 
obEcrvcd in the experiments of otliors (3, 4, 5) 
under circumstancc.s where conditions were such 
as to preclude the development of thiamine defi- 
ciency. Altbougli tlic reviewer is prepared to admit 
the fact that thiamine deficiency may produce neu- 
rasthenic symptoms, ho believes that their fre- 
quency and value a.s an early sign of thiainine 
deficiency have been greatly ovcrsircssed. It is of 
interest that physicians of tlic Netherlands Indies 
who see a great deal of beriberi and are constantly 
on the watch for its first manifestations fail to 
encounter the picture of “subclinic.al thi.aniino de- 
ficiency” and are astonished (13) by the long list of 
symptoms ascribed to it by physicians in the 
United States, Although the reviewer takes excep- 
tion to some of the clinical evidence of thiamin 
deficiency in the Mayo Clinic experiments, he is 
fully prepared to agree that in other experiments 
symptoms and signs of deficiency were unquestion- 
ably present— those which were characterized as 
^advanced” rather than mild deficiency. In every 
instance, however, the subjects developing such 
Unquestionable symptoms were on intakes which 
did not exceed 0.22 mgm. per 1000 calories. 

Turning to the laboratory criteria, the reviewer 
feels that the excretion of less than 100 y thiamine 
in the urine in the 4-hour period after a parenteral 
injection of 1 mgm. thiamine is not per sc an evi- 
denceof thiamine deficiency. Williams and his co- 
workers state that the excretion of less than 100 y 
has been regularly associated with a "considerable 
degree” of thiamine deficiency whereas an excre- 


tion below 50 y has been nssociated with aovero 
dcficioney. The reviewer Iiclieve.s that the latter 
value is probably closer to the borderliiio of real 
deficiency. In the experimonts of Najjar and Holt 
symptom!) nltribut.'ible to Ibi.nmino deficiency 
were never observed until the o.xcrotion with a 
load Ic.st bad fallen below GO y in 4 hours and 
not with any regularity until it had fallen below 
.50 y. In the Rochester data only subjcols on an 
intake as low /i.s 0.22 mgm, per 1000ca!f)rie.s exliib- 
(litc ioail excretions ns low ns 02 y in 4 hours. 

Data on blood pyruvate are iioloriouHly difiieult 
to evaluate, because of the fact llifit this metabo- 
lite is readily elevated by exercise and excitement, 
conditions which obtain not infrequently in psy- 
chiatric patictits and in many normal patients in 
nssocintio!) with venepunctures. Although the 
pn.sl-dcxtrosc elevation of blood pyruvate in many 
of the Mayo Clinic experiments is of such magni- 
tude as to dispel rcnson.ablo doubt on this score, 
there arc other instances in which interpretations 
have been made froni lesser rises, the significance 
of which may be questioned. Although some of the 
subjects on a thiamine intake of 0.22 mgm, per 
1000 calorics developed blood pyruvate values 
above 2 mgm, per 100 cc. after the administration 
of dextrose, it is to bo noted that none of the sub- 
jects receiving 0.45 mgm. per 1000 c.alorics did so. 
The reviewer believes that the Mayo Clinic data 
may bo interpreted ns indicating a minimum thia- 
mine requirement barely in excess of 0,22 mgm. 
rather than barely in excess of 0.45 mgm. per 1000 
c.alorics. 

In the experiments of Elsom and her colhabora- 
tors, four subjects were observed with “definite” 
evidences of deficiency. Two of these (subjects 
D. C. and E. V.) who had received a daily intake of 
0.2 mgm. thiamine per day showed an improve- 
ment after thiamine tliorapy that was impressive 
and Ihcrcislittlegroundforqucstioningthcdiagno- 
sis of deficiency. In subject R. A., whose intake 
was 0.333 mgm. per day, it is probable, too, that the 
symptoms observed were duo to thiamine defi- 
ciency, although it is to be noted that irritability, 
muscle tenderness and edema failed to respond to 
thiamine alone, clearing up later when a B com- 
plex supplement was added. The fourth patient 
(I. C.) however, must be excluded from a study of 
the norma! thiamine requirement, since this sub- 
ject developed symptoms following a severe inter- 
current infection and tiio response to a thiamine 
supplement continued for 3S days was far from’ 
satisfactory. Although some of the observed 
symptoms showed improvement, muscle tender- 
ness persisted and edema was even increased dur- 
ing the period of supplementation. The reports 
of Elsom et al. do not contain detailed informa- 
tion about the patients who developed symptoms 
of "early deficiency,” but it is to be nked that 
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none of these individuals was found (lOd) to have 
any elevation of the blood pyruvate or any alter- 
ation of the lactate/pyruvate ratio. Judging from 
the patients who developed definite deficiency, the 
data of these investigators indicates the minimum 
thiamine requirement to be somewhat in excess 
of 0.353 mgm. per day (0.17 mgm. per 1000 
calories). 

The excellent study of Keys et al. (11), although 
designed primarily to test the effect of work on the 
thiamin requirement, is of very pertinent interest 
here, since it showed that even under conditions of 
physical stress a thiamine intake of only 0.23 
mgm. per 1000 calories was sufficient to protect 
men from symptoms of deficiency for 10 to 12 
weeks at least. 

The study of Najjar and Holt differed from the 
foregoing in the fact that depletion was carried out 
very gradually over a period extending as a rule 
over 18 mouths. It differed also in the fact that a 
synthetic diet was used throughout which was not 
varied frohi meal to meal or from day to day. This 
diet consisted of vitamin-free casein, crisco, dex- 
trimaltose, a mineral mixture and a vitamin mix- 
ture, the only variable of which was the thiamine 
content. The basal diet contained a small amount 
of thiamine in the dextrimaltose, the thiamine con- 
tent of which was found to be 72 7 per 100 grams. 
From this source the subjects obtained. 128 mg. 
per 1000 calories. In addition to this they received 
thiamin in their vitamin mixture in quantities of 
0.5 mgm. per 1000 calories at the start of the study 
which were gradually decreased to zero. For sev- 
eral months prior to the final removal of the 
thiamine supplement, nine subjects subsisted on a 
total thiamine intake of 0.178 to 0.198 mgm. per 
1000 calories without developing any evidences of 
deficiency . When the supplement was removed and 
only the basal diet containing 0.128 mgm. per 1000 
calorics was given, unmistakable deficiency symp- 
toms appeared within a period of 3 weeks to 3 
months in 8 out of 9 subjects. Urinary excretions 
of thiamine had been at'minimal levels for many 
months prior to the last decrease in thiamine in- 
take and showed no further drop at the time of 
the development’ of symptoms. Thiamine load 
tests (in which the 4 hour excretion of thiamine in 
the urine was measured after an intravenous in- 
jection of 1 mgm.) showed a drop preceding and 
associated vdth the development of symptoms. 
Prior to the development of symptoms the 4-hour 
excretion fell below 100 micrograms and at the 
time of the development of sj^mptoms values 
below 53 micrograms were obtained in every in- 
stance. Only once was a value below 50 obtained 
in a subject vdthout symptoms of deficiency. The 
excretion figures given by these deficient subjects 
are thus in close agreement with those obtained 


by Williams ct al. in patients with unquestionable 
deficiency symptoms. 

The Baltimore experiments would place the min- 
imum thiamine requirement between 0.128 and 
0.178 microgram per 1000 calories, somewhat 
lower than that obtained in the 2 other experimen- 
tal studies. On the other hand, it is reasonable to 
expect that requirements w’ould be lower on a 
diet which is constant — meal after meal— both in 
respect to calorigenic foods and thiamine, con- 
tent — than on a diet which may at times provide 
an excess and at other times a deficiency of thi- 
amine. 

It seems justifiable to conclude that with a con- 
stant diet the minimum requirement of adult man 
lies at a point somewhere between 0.13 and 0.17 
mgm. per 1000 calories, whereas with a diet con- 
structed from natural foods in which there is some 
variation both in the food and the thiamine in- 
take, the minimum lies between 0.17 and 0.23 
mgm. per 1000 calories. The observations in Java 
indicate that intakes of the order of magnitude 
of 0.24 and 0.44 mgm. per 1000 calories will pro- 
tect against thiamine deficiency for an indefinite 
period of time. 

The thiamine requirement of the infant. The most 
illuminating information about the minimum re- 
quirement of the infant is obtained from .observa- 
tions of infants fed on breast milk, a food which is 
known to be low in thiamine (15-24). According to 
the latest analyses of Knott (24) breast milk aver- 
ages about 15 micrograms per 100 co. and under 
ideal conditions of maternal diet about 20 7 
100 cc. It may at times be increased above 30 7 by 
supplementation of the mother’s diet or, when the, 
diet is substandard, may fall below 10 7 per 100 cc. 
‘It is known from observations in the Orient (14) 
that the thiamine content of breast milk may fall 
so low as to produce beriberi in the infant, but no 
exact information is available as to how low this 
level is. The Australian workers Slater and Rial 
(21) and Clements (25) present clinical evidence 
that symptoms of thiamine deficiency — failure to 
gain weight, constipation and vomiting — may oc- 
cur when the thiamine concentration of breast 
milk falls below 11 or 12 7 per 100 cc. The writer 
does not find their data convincing on this point. 
The specificity of the symptoms may be quest- 
ioned, and their data included instances in which 
a milk containing as little as 8 7 per 100 cc. pro- 
duced no untoward symptoms. Widenbauor and 
Hcckljer (18) and Knott and her collaborators (24) 
fail to mention untoward symptoms in the infants 
whose mothers were, secreting a milk containing 
less than 10 7 per 100 cc. and Morgan and Haynes 
(19) specifically mention the c.xcellent health and 
normal w^eight gain of an infant whose mother’s 
milk contained only 11 7 per 100 cc. Moreover, 
the relative frequency with which such low values 
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nre cncounlt'tvd it sopin iinproiinhlc lliiit, 

eufh milk piipplire less tliiiii llio minimum thi- 
amine rctpiiroment. Assumiii): a caloric content of 
0Xi7 cal, per cc, n milk containing 10 y (liinmino 
per 100 cc. would furnish O.ir) mpm. thiamine per 
ICOOc-aloric-s. 

The quest ion has liecn raiFod as to how the lircast 
fed infant pets nlonp on a thiamine intake cHk- 
tinctly less than that of the artificially fed in- 
fant. German writers (20) have maintained Ih.at 
bro.aat milk favors the biosynthesis of thiamine by 
intestinal bacteria, a view based upon the obscr- 
a\ation.a of Rcichelt (27) who reported lliat bacil- 
lus bifidus, a conspicuo\iB member of the intestinal 
flora of the breast fed infant, wa.s an excellent 
tliiamine producer, surp.assinpyea.st and the colon 
bacilhi.s in that respect. However, ^Yidcnb.auo^ 
and Knigcr (2S) found the thiamine content of the 
stools of the breast fed infant no hiplier than that 
of the artificially fed, and Knott nnd her collabo- 
rators (29) report lower urinary thiamine e.xcro- 
tions in breast fed than in artificially fed infants, 
findings which speak against that explanation. In 
the opinion of the reviewer the relatively low ap- 
parent requirement for thiamine of tlic breast fed 
infant (0.15 mgm. per 1000 c.aloric.s) may be attri- 
buted to the fact that his dietary is constant from 
meal to mo.al. He is thus comparable to the ex- 
perimental subjects of Najjar and Holt (12) who, 
it may be recalled, were also able to get along on 
O.lSmgm. per 1000 calorics. 

The attempt to draw deductions about the thia- 
mine requirement of infants from urinary excretion 
data, as h.as been done liy several investigators 
(30), is a highly questionable procedure, in view of 
our lack of standard.s based on known eases of 
deficiency. 

Little can be said of the minimum requirement of 
older children. The studies of Knott ct a!., (31) 
Robb'et al. (32) and Benson ct al. (33) indicate 
levels of intake compatible with health, but do not 
reveal how far these arc from the minimum require- 
ment. Since the requirement of the infant under 
comparable conditions seems to be similar to that 
of the adult in terms of calories, it is to be expected 
that that of the older child will not differ greatly 
from it. 

PhjsioJogical Jactors affcciing the thiamine re- 
Qvirement. Pregnancy. Tlicre can be no doubt that 
thiamine requirements arc increased during preg- 
nancy, but exact data on the minimal requirement 
are not available. Since the growth of the young 
infant seems to demand no more thiamine per 
calorie than is needed for the maintenance of the 
adult, it is reasonable to suppose that the require- 
ment of thiamine per 1000 calories null be the same 
as in the non-pregnant adult. Additional calories 
must, however, be provided to meet the needs of 
pregnancy. 


Lactation. A sirnilnrlnck of exact information is 
nvnilablc about tlio thiamine roquircmcnls in lacta- 
tion. It wouhl seem certain that the minimum 
thininino requirement of the nursing infant aliould 
bo added to that of tlio mother, but whether more 
thiamine than this is required will have to await 
exact aludics. 

lircrcisc. The literature on the relation hotween 
thiamine nnd work performance has recently been 
reviewed (31, 35) nnd little c.an bo added at the 
prci^ent time. Interesting sLudic.H carried out under 
the auspices of the Harvard Ealiguo Laboratory 
(3G, 37) suggest tliat c.xercisc produces nnneutede- 
mnndfor thiamine, nnd forsomc other component 
found in yeast, Tlio experiments have, however, 
been criticised by Keys ct al. (-17) on eovcral 
grounds. The l.abor.atory evidence of Ihiamiiio de- 
ficiency was obtained liy the que.stionnbly accurate 
thiochromc mctliod of Egnfin nnd Meiklcjohn (3S), 
and the clinical evidence of deficiency was meagre 
nnd for the most part subjective. Subjects receiv- 
ing a concealed tbinminc supplcmonl sliowed nt- 
mosl ns much deterioration in work performance 
ns did the unsupplcmnnlcd subjects, both groups 
showing improvement when, with their knowl- 
edge, yeast was supplied. The p.sychological fne- 
torsin the experiment arc thus difficult to evaluate. 

Barborka, Follr and Ivy (39), using trained sub- 
jects, observed symptoms suggestive of thiamine 
deficiency and impaired work output on a diet 
deficient in B complex which contained n.s little ns 
0.C5 mgni. thiamine per day. Tlicy, too, obtained a 
favor.ablc rc.sponsc to the administration of yeast. 
It may be noted, however, that their deficient 
periods occurred during the hot summer months, a 
factor which may liavc iiifluencod symptoms and 
performance. It is not clear from the data pre- 
sented that more than one subject showed the work 
deterioration described. Tlic substitution of c.ar- 
boliydratc for much of the fat of their diet failed to 
exercise a deleterious effect, as might be o,xpeoted 
with thiamine deficient subjects and, finally, the 
improved work output on yeast was not sustained. 

More convincing to the reviewer are the studios 
of Keys and his collaborators (11). These investi- 
gators in a scries of meticulous experiments, con- 
tinued for 70 to 84 days, were unable to demon- 
strate any evidence of deficiency or of impaired 
physical performance in subjects whoso thiamine 
intake was restricted to 0.23 mgm. perlOOO calories. 
It seems justifiable to conclude that exercise, 
although causing an increase in total caloric re- 
quirement and in the absolute requirement for 
thiamine, does not cause any increase in the re- 
quirement per calorie. 

Closely related to the question as to whether e.x- 
ercise creates an additional demand for thiamine, 
resulting in inf erior work performance if this is not 
met, is the question whether superior performance 
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can be obtained by increasing the thiamine intake 
■well above levels that will protect against symp- 
toms. Keys and Henschel (40) failed to find evi- 
dence of superior performance from supplements 
to U. S. Army rations and Bransby ct al. (41) 
obtained similar results with industrial workers in 
England. 

Learning. Claims have been made, notably by 
Harrell (51) .that a thiamine supplement improves 
the learning capacity of children. Before such an 
important connlusi»..n can be accepted it would seem 
to the reviewer that further work should be done; 
in particular, the effect of reversing the thiamine 
and the control group should be tried. 

Climate. 'This subject has recently been reviewed 
by Taylor (42). It appears that the observations of 
Mills (43), whose studies on rats indicated a mark- 
edly higher thiamine requirement in hot weather, 
arenot applicable toman. Losses of thiamine in the 
sweat are negligible, not exceeding SO y per day at 
the most, and there is some reason for believing 
that the unconscious economy of effort which oc- 
curs in hot weather (44) may more than compensate 
for this. Unpublished studies with which the writer 
is familiar have failed to indicate any need for an 
increased thiamine requirement under other ad- 
verse climatic conditions— high humidity, extreme 
cold or diminished oxygen tension. 

Thiamine requirements in disease. It is obvious 
that no generalizations can be made here, for proc- 
esses of disease vary in severity, but, quite apart 
from deficiency states which call for thiamine 
therapy, it may be well to recall the types of dis- 
turbance that lead to an increased demand for 
thiamine and may be regarded as indications for its 
prophylactic administration: (a) digestive dis- 
turbances of all kinds, which interfere with the 
absorption of thiamine; (b) circulatory dis- 
turbances, such as post-hemorrhagic shock (45) 
which interfere with the distribution of thiamine 
to the tissues; (c) conditions which increase the 
basal metabolism — fever and hyperthyroidism. 
The administration of thiamin is also indicated 
when the normal foods which supply it are re- 
stricted, or omitted, notably when patients are fed 
for any length of time parenterally. An interesting 
cause of thiamin deficiency in animals is the eating 
of certain raw fish which contain an enzyme that 
destroys thiamine (48, 49, 50). A similar cause of 
thiamine deficiency in man has not as yet been de- 
scribed. 

Other factors affecting the thiamine requirement. 
It should be emphasized that although thiamine 
requirements are conventionally expressed in 
terms of calories of food consumed, this practice 
involves certain inaccuracies. Animal studies (46) 
indicate that, other things being equal, the re- 
quirement varies with the total calories metab- 
olized, but it is not known whether a simple 


thiamino/caloric ratio holds for all levels of re- 
quirement. It may well be that the actively 
exercising individual who requires 5000 to GOOO 
calorics per day needs relatively less thiamine per 
calorie than the sedentary individual. The effect 
of ingestion of an excess of food beyond the meta- 
bolic requirement is another matter that has not 
been clearly evaluated. Finally, it is known that 
the requirement for thiamine is reduced when fat 
forms a substantial part of the diet, and is 
probably greater for carbohydrate than for protein 
food. Although on theoretical grounds it would be 
preferable to express requirements in terms of. 
metabolic requirements and to take into con- 
sideration the quantity and the proportion of the 
different foodstuffs in the diet, it is scarcely 
practicable to do this. 

A further reason for not insisting on such 
refinements is the fact that marked differences 
exist in the thiamine requirement of individuals, 
differences which are far greater than those caused 
by variations in metabolic requirements. Elsom 
and her collaborators (10c) were impressed with 
the fact that the requirements of their experi- 
mental subjects did not seem to bear any close 
relation to the body weight and similar observa- 
tions were made by Najjar and Holt (12, 42). It 
is conceivable that differences in the vitamin 
stores phior to the onset of the deficiency study 
might explain these discrepancies. That does not, 
however, seem to be an adequate explanation, for 
in the Baltimore studies the intake w'as reduced 
so very gradually and over such a long period of 
time that it is difficult to imagine that the initial 
store played much part in the picture. At least 
one important cause for the difference in individ- 
ual requirements ■was discovered by Najjar and 
Holt (12) who observed that some of their experi- 
mental subjects who failed to develop symptoms 
promptly on their lowest level of thiamine intake 
■were synthesizing thiamine in the intestinal tract, 
as shown by the fact that the daily excretion in 
the stools wms greater than the intake. A striking 
correlation -was obtained between the absence o 
symptoms and the quantity of free thiamine foun 
in the stools. The quantity of thiamine so foun 
was, however, insufficient to protect, these subjects 
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indefimtely under the conditions w- - 
ment, for eventually al! but one subject develope 
thiamine deficiency. 

The question as to the importance of biosynthc 
sis as a factor protecting the individual agaijr® 
thiamine deficiency cannot' be answered unti 
further studies of this phenomenon are ma c. 
Evidence obtained from preliminary unpubh’shc 
observations suggests that the composition of tm 
diet is an important factor controlling biosyn 
thesis. This cannot, however, be the only varia c, 
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since nwrki'ii iliffcn'ncer" in Inosynlliesia were ol>- 
scrvi'il in individuals on tlio satno diet. 

sVMMAnY. 1. Till' lldaniinc roiinirement. i» af- 
fected I'.v the uniformity of the diet; the more 
uniform the diet the lesser the requirement. 

2. The availnhle evidence iudieate.s that on a 
consl.anl diet the ininiimun requirement for the 
normal adult lies hetween O.le and 0.17 inpm. 
per ItXX) calorics, wh.ereas on a did chosen 
naturally it lies helweeu 0.17 and 0.23 iiipm. per 
1000 calories. A ranpe of intake hetween 0.2! and 
O.-tt mpm. per 10(X1 calories nppear.s to he jiro- 
tectivc against thiamine delicieney . 

3. Thc.se same values appear to he valid for all 
age group.s and for pregnant women and men 


tindergoinp Btrenumia exerciac no well. In 
pathological condilionu the roquircmenl.H may lie 
con.siderahly increased. 

■1. The current practice of cxpreti.sinK Ihininino 
requirements in term.s of milliRmniH per 1000 
c.aloric.s e.on.sumed is probably the mo.sl practical 
procedure at the prcKenl time, although it ia oiicn 
to certain theoretical ohjectinuH which are dis- 
cussed. 

5. It is pointed out that there are variations in 
the thiamino requirements of individuals, one 
important cause of which is tho degree of syn- 
thesis of thiamine by the intc.stinnl bacteria. 
Further sludic.s are needed to evaluate this phe- 
nomenon. 
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SOME ASPli:CTS OF VITAMIN C &IETABOLISM 

CHESTER J. FARMER 

Dcpnrlmcnt of C/tcniislr;/, Xorlfurcslnn Univcrsttij Medical School, Chicago, Illiiwis 


Within thn jmst finv yo:vrs ninny invcstipalors 
in the lichi of nutrition have emiihaai^etl lh« 
difference in effect on the body of a mild vitamin 
dcffcicncy lastinp: over a considerable period of 
time, ns compared with that of a more severe 
deficiency of but short dviration. Since frctpicntly 
the pathnlopic slate thus induced is more severe 
in the former case, and requires a lonpcr period 
for recovery, the importance of maintainiiiK in the 
dietary adequate amounts of all essential nutri- 
ents is apparent. 

Food source.'!. Recent reviews (1. 2, 3, I, 5, 6) 
haveshown a considerable pereentaKO of industrial 
and rural populations with definite sipns of de- 
ficiency of one or more vitamins or other nutrients 
which arc directly traceable to dietary inade- 
quacies. In many instances the omis.sion of ade- 
quate sources of vitamin C or the improper han- 
dling of foods reduces the dietary intake of this 
vibamin to a dangerous degree. 

While citrus fruits hold a place of pro-eminence 
in our diet as a source of ascorbic acid, the use of 
tomatoes probably can be considered the second 
most readily available source. A field grown vino 
ripened tomato may contain as much as 25 mgm. 
ascorbic acid (7). The use of tomatoes canned at 
the pc.ak of the season frequently provides a food 
of higher ascorbic acid content than market avail- 
able fruit in off seasons. Holmes, Jones and Richie 
(8) analyred thirteen lots of late winter tomatoes 
and found an ascorbic acid content ranging from 
2.5 to 22.0 mgm. per 100 grams of fruit. The .aver- 
age value of all lots was S.S mgm. per 100 grams. 
Tomatoes, canned at the height of the previous 
season gave an average ascorbic acid content of 
■ U to 15 mgm. per 100 grams. Ripe peaches (9), 
depending upon the variety, contain 3.8t to 12.SG 
mgm. ascorbic acid per 100 grams of fruit with the 
highest concentration directly under the skin. 
Varietal differences in ascorbic acid content arc 
also found in red raspberries (10) and in new rather 
than in old potatoes (11). In some varieties of 
cabbage the ascorbic acid content decreases as the 
cabbage matures (12). Peppers on the other hand 
are an excellent source of vitamin C at all stages 
of ripeness, being highest when partially ripened, 
according to Lantz (13). He also found that the 
ascorbic acid content increases as the season 
advances. One variety, College no. 9, increased 
from 209 to 375 mgm. per 100 grams from August 
to November. 


Methods of food prc.scrvalion vary in their 
inlluenco on the a.seorbio acid content of the 
product. Canning has the advantage from the 
standpoint of the length of lime the material will 
keep (11). Refrigeration is for short lime preserva- 
tion. Losses during tirying and dehydration vary 
both with the method and material. Floyd and 
Fraps (15) have made a study of losses in ascorbic 
nci<l content in the commercial canning of Tc.xas 
grapefruit juice. Tree ripened fruit, first grade, 
produces juice from 38 to dC mgm. ascorbic acid 
per 1(X) grams. Canned fruit juices contained about 
1S.2 per cent less ascorbic acid than fresh juice. 
The inclusion of culls reduces the ascorbic acid 
content of the juice; with 10 per cent or less culls, 
the juice averaged 30.1 mgm. per 100 gr-ams, while 
juice from 90 per cent culls contains but 29.6 
mgm. ascorbic acid per 100 grams. 0.xidativo 
losses arc low if pasteurization follows promptly 
after extraction (3{ minutes Inp.se, C per cent loss; 
30 minutes lapse, 31.7 per cent loss). Of the meth- 
ods of extraction of the juice (screws, burr press, 
rollers, graters) the screw extraction and burr 
(similar to domestic juice extractors) causes the 
greater destruction of ascorbic acid. Recent work 
in other laboratories indicates these processing 
losses to be rather high. Retention values of 98 
to 99 per cent have been reported.* The loss of 
ascorbic acid in fruits and vegetables following 
m.aceration, ns in the preparation of salad, may 
be appreciably decreased, according to McCay and 
Pijoan (10), by cutting or mincing with a plastic 
knife instead of one of metal. 

The harvesting of leafy vegetables in the coolest 
part of the day (17), and packing of vegetables in 
crushed ice as soon as harvested and during trans- 
portation was found by Zepplin and Elvehjem 
(18) to decrease loss of vitamin C. Ascorbic acid 
was destroyed quite rapidly in spinach, chard, 
lettuce, and broccoli at room temperatures of 20 
to 23'’C; storage in a refrigerator favored its 
retention. 

Blanching of vegetables preliminary to drying 
according to von Locseche (17) aids in the preser- 
vation of vitamins, expels part of the contained 
oxygen and decreases the bacterial population. 
Blanching by steam at atmospheric pressures re- 
duces the loss of mineral salts and vitamins as 
compared with hot water blanching, v’on Locseche 

’Personal communication from Dr. C. A. El- 
vehjem. 
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quotes the following figures from Chance as to 
loss of vitamin C by the two respective methods: 


VEGETABLE 

LOSS STEAM 

LOSS 

HOT WATER 

Kalo 

fer cent 

19.7 

14.8 

22.5 

14.1 

fer cent 

43.6 

36.C 

37.5 

51.5 


Potato (white) 



In a study of vitamin losses during dehydration 
and storage, Tressler, Moyer and Wheeler (19) 
found potatoes to retain but a trace of ascorbic 
acid. Beets lost one-third of their original con- 
tent. Water blanching and dehydration of ruta- 
bagas caused an 85 per cent loss. Cabbage however, 
showed only 20 per cent loss of ascorbic acid during 
dehydration with practically no additional loss 
during storage at — 40°F for three months. 

Vitamin loss in large scale food preparation in de- 
fense plants and civilian cafeterias have recently 
been shown to be excessive. Heller, McCay and 
Lyon (20) found a 27 to 90 per cent loss in the 
asborbic content of vegetables served in a cafeteria 
feeding 2500 people. Losses of other vitamins, 
while less were still high (thiamin 16 to 64 per 
cent, niacin, 2 to 61 per cent, and riboflavin 22 
to 45 per cent). Similar results were obtained by 
Daum, Aimone and Hollister (21), who further- 
more observed a greater loss of ascorbic acid to 
occur during the holding of vegetables for one hour 
on the steam table than resulted from cooking. 
Suggested remedies included a decrease in cooking 
and holding time, staggered preparation of foods, 
a more limited choice of vegetables and a preview 
of the menu. The use of whole boiled (22) potatoes 
instead of mashed conserves their vitamin C con- 
tent even when held at steam table temperatures. 
Small amounts of sodium bicarbonate may be 
added in cooking fresh or tunnel frozen peas with- 
out causing additional loss of vitamin C (23). 
The cooking time is shortened, and unless the 
membrane surrounding the pea is broken as in 
plate freezing, only moderate losses occur by 
leaching into the cooking water. The uncontrolled 
adoption of this practice in the home is not be be 
recommended. 

An unusual high source of vitamin C is rose- 
hips, 100 grams of which contain 1200 to 1500 mgm. 
ascorbic acid. 

, Methods of analysis. The older methods' for 
estimating the ascorbic acid content of urine, 
plasma, whole blood and its cellular constituents 
have been reviewed bj- Bessey (25) and later briefly 
by Ralli and Sherry (26). A critical study of the 
photometric methods of Mindlin and Butler (27) 
have been made (28, 29). 


Technics for the determination of ascorbic acid 
in the presence of highly colored solutions, such 
as fruit extracts, have been developed for the 
Evelyn Photoelectric colorimeter by Bessey (30) 
and a potcntiometric method by Harris and 
Olliver (31). 

Aside from the handicap of colored solutions in 
titration procedures, various indophenol reducing 
substances other than ascorbic acid are encoun- 
tered in the urine, feces, plant extracts, cereal 
products, milk powders and carmelized or fer- 
mented products. In a recent issue of Nutrition 
Reviexvs (32) it is stated that aside from ascorbic 
acid, 2:6 dichlorophenolindophenol will be non- 
specifically reduced by such substaneds as stanous 
and ferrous salts, sulfites, sulfhydrol compounds, 
sulphides, thiosulfates, reductinic acid and 
“reductoncs” (formed by splitting of sugars by 
heat or fermentation). According to Enders (32), 
reductoncs are formed when sugars are heated at a 
suitable pH and especially in the presence of 
protein. These substances are suspected of having 
a structure somewhat similar to ascorbic acid with 
an aldol type of condensation betw'cen carbohy- 
drate and protein derivatives. 

Methods have been proposed by Lugg (33), 
Mapson (34) -and Snow and Zilva (35) based upon 
the differential rates of combination of ascorbic 
acid and other indophenol reducing substances 
with formaldehyde at pH 1.5 to pH 2. At this 
acidity “reductones” condense but slowly with 
formaldehyde. Ascorbic acid is determined 
by difference in titration for total indo- 
phenol reducing substances and the value ob- 
tained for "reductones” by extrapolation from 
a series of determinations made at stated in- 
tervals. This method does not distinguish between 
1-ascorbic acid and close analogues (d-gluco- 
ascorbic acid, d-araboascrobic acid, etc.). It has 
also been suggested' (36) that ascorbic acid may be 
titrated by 2:6 dichlorophenolindophenol in pres- 
ence of “reductones” if the reductones are esti- 
mated at high acidity (20 per cent HCl) ; total 
reduction (reductones and ascorbic acid) being 
estimated after dilution with water to appropriate 
acidity. 

It remains for future work to determine if these 
proposed methods are superior to existing photo- 
metric methods (30) properly controlled for non- 
ascorbic acid reducing substances. 

The titration of ascorbic acid using a xylene 
solution of 2:6 dichlorophenolindophenol has also 
been proposed (37). Interference due to SOs in 
fruit products may be eliminated by the use o 
hydrogen peroxide according to Levy (36). * 

A method for estimating ascorbic acid 
whole blood or urine has recently been proposed J 
Roe and Kuether (38). Blood is deproteinized with 
trichloracetic acid, the ascorbic acid in t ic 
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tiltr;\tn is oxiiiirpil t'v iiorit (o ilchydronscorhic 
:>cid ami a sialilp colonnl derivatlvo lormod with 

iiitiitroiiUen>-lli.vdrarino in thp presence of 
suiplmric avid. The color is read in a photoeleelric 
colnrimctor, Tim wetliod is appavenfly ape.cifie. 
and not affected l)y koto-acids. Ghicosc, fructo.se, 
pentoses and phicuronic acid do not interfere at 
levels ordinarily encountered in Wood or urine. 

The use of hydropen sulphide in inolhods rc- 
ctuirinp the estimation of dehydroascorhic acid 
is not withoulits disadvantages. Ucccntly electro- 
lytic reduction (110) has Uccu advocated, while 
another method proposes the use of a suspension 
of B. coli in plucose. media (10) for the same pur- 
pose. The reduced asenrhie acid is llicn estimated 
by reduction of 2:0 dichlorophenolindophcnol. 

Plasma and hlood mrtliods. rollowinp the earlier 
studies on hypovitaminosis C in which urinary 
excretion (11) of ascorbic acid was used as a crite- 
rion of depletion, methods measuring fasting 
blood plasma levels were developed (12, Itl, 27). 

Plasma was used to .avoid dinicultics arising 
from oxyhemoglobin of whole blood, which was 
later shown to enter into a coupled oxidation with 
ascorbic acid during dcprotciniiation (4-1). By 
saturating blood with carbon monoxide before 
precipitation with metaphosphoric acid, Butler 
and Cushman (45) were able to estimate ascorbic 
acid in whole blood by oxidation-reduction dye 
methods. The use of lead acetate (40) with meta- 
phosphoric acid dcprotcinization has recently been 
recommended tor removal of sidiihydr.ai deriva- 
tives in whole blood analysis. 

• Bec.ause of the variation of plasma ascorbic 
acid levels with food intake, it has been recom- 
mended (45) that citlier whole blood or white-cell 
platelet ascorbic acid content be employed as a 
more reliable single index of body tissue satura- 
tion. 

Kruse (48) lias recently recommended the 
examination of tlie gingiva by means of the 
biomicroscope as a means of detecting early signs 
of vitamin C deficiency. 

Requirements and nlilizalion. .lolUffe has re- 
cently pointed out that “the diagnosis of nutri- 
tional failure cannot be limited to clinically mani- 
fest anatomical lesions. The prcclinical states, as 
rejiresented by tissue depletion, biochemical 
fiesions’ and altered physiology, hold greater 
import because they precede and arc more common 
than the anatomical lesions (47).” Estimations 
of tissue saturation have been based upon meas- 
urements of the ascorbic acid level of the plasma, 
the whole blood, the white-cell platelet layer as 
ivell as tolerance tests based upon changes in 
plasma level and urinary excretion in response to 
• oral or parenteral doses of ascorbic acid. Thyselt 
(49) in a study of 233 subjects, showed blood 
levels of ascorbic acid of 1.0 to 2.0 mgm. per 100 


ml. to follow the daily intake of more than 100 
mgm, ascorbic acid, with other rcHpeelivo blood 
levels to intakes ns follows: 0. 1-0.8 mgm. per cent 
with 50-100 mgm, intake; 0.2-0 .0 mgm. per cent 
with 30-.50 mgm. intake; 0.0-0.4 mgm. per cent 
with 15-30 mgm. intake; and 0,0-0,2 mgm, per cent 
with less than 15 mgm intake. While it is generally 
ngrecd that the maintenance of fasting plasma 
nscorbic acid levels of 0.7 mgm. per cent or above is 
indicative of normal tissue saturation, low plasma 
values (0.0-0.4 mgm. per coni) unless found 
upon repeated examination, need not indicate a 
state of marked tissue depletion, and should not 
be taken as evidence of an impending scorbutic 
st.ate. When such vnluc.s are found, a determina- 
tion of the nscorbic acid content of whole blood 
(45) or of the whitc-ccU platelet layer may furniab 
evidence of the severity of tissue depletion. Prom 
studies on experimental luiman scurvy (50) low 
a.scorbic acid values in cellular blood constituents 
would indicate a prolonged period of inadequate 
vitamin C intake. 

As a result of placental transfer, the plasma 
ascorbic acid of the infant at birth is frequently 
higher than that of the maternal blood (51, 0, 52). 
Plasma levels at birth average above O.CO mgm. 
per cent but decrease by nc.arly 50 per cent during 
the first 24 hours. On nrlificinl diets without ade- 
quate vitamin C supplements, thc.se values remain 
low, but with adequate intake either as a supple- 
ment or breast milk, they may attain values of 1 
mgm. per cent at two weeks of age (63). A post- 
partum drop has also been observed in the mother 
(5.!). 

Lund and Kimble (52) gave intravenous in- 
jections of ascorbic acid in doses of 100 to 600 
mgm. to women before delivery and noted a rapid 
rise in maternal and cord blood; the foetal plasma 
level lagging somewhat, but reaching an equal 
concentration in 4 to 2 hours. If the women 
were injected c.arlior than 2 hours before delivery, 
the maternal blood level decreased but the cord 
blood level remained high for at least 12 hours. 
On the basis of their observation, they suggest 
that ascorbic acid passes from maternal to foetal 
circulation by diffusion, at periods of high con- 
centration in the former, and is blocked by the 
placenta! barrier from re-entering the maternal 
circulation. This theory seems plausable and if 
corroborated, would dispose of the question of 
foetal synthesis. On the other hand, living mem- 
branes have repeatedly been shown to exhibit 
selective permeability (55), and recent w'ork shows, 
ascorbic acid capable of functioning at cell sur- 
faces (56) . 

As shown by Levine, Marples and Gordon (57) 
premature infants exhibit a spontaneous defect 
in their metabolism of tyrosine and phenylalanine 
which is manifest by the excretion of p-hydroxy- 
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phenyllactic and p-hydroxyphenylpyruvic acids 
into their urines if fed artificial diets in which 
the protein intake is 5 grams or more per kilogram 
of body weight per day. The relationship of vita- 
min C to the metabolism of aromatic amino acid 
has recently been reviewed by Sealock (58) and 
therefore need no further discussion here. It has 
also been shown that premature infants receiving 
htunan milk retain a larger part of a saturation 
dose of ascorbic aqid in their tissues than do pre- 
mature infants given cow’s milk (59). 

• Breast fed infants of mothers on adequate vita- 
min C intake will receive 10 mgm. ascorbic acid 
daily until lactation is fully established when 20 
mgm. or more is provided, increasing to 50 mgm. 
when weaned at 9 to 10 months of age (60). Arti- 
ficially fed infants require a minimum daily intake 
of 10 mgm. ascorbic acid to prevent symptoms 
of scurvy (61). Plasma ascorbic acid levels are 
higher in breast fed infants than in those fed an 
artificial diet with a supplement of two ounces 
orange juice daily (62). 

Ascorbic acid requirements for various age 
groups as summarized by Smith (65) are: Infants 
8 to 50 mgm. daily; children 22 to 100 mgm.; 
adults 28 to 100 mgm. or more. Recent studies 
employing various criteria of saturation with 
subjects on controlled ascorbic acid intakes, indi- 
cate the following daily amounts to be required: 
Boys 10 to 14 years — 45 to 75 mgm (64, 65); girls 
6 to 12 years — 62 to 72 mgm. (66) ; college students 
under 25 years— over- 100 mgm.; older college 
women (25 to 50 years)— below 100 mgm (67). 
Observations on 800 youths at an N.Y.A. center 
indicated a diet containing 75 mgm. ascorbic acid 
to be inadequate (68) . 

Studies by Storvich and Hauck (69) indicated 
that daily supplements of 65 to 150 mgm. ascorbic 
acid in addition to 10 mgm. in the basal diet were 
required by six normal adults to maintain tissue 
saturation. In later studies (70) , 10 of 12 subjects 
showed renal thresholds at plasma levels of 1.10 
to 1.30 mgm. per cent. Of six subjects receiving 
74 mgm. ascorbic acid daily for 12 to 14 days, three 
showed saturation and three slight depletion of 
tissue reserves. The authors also point out that 
subjects with high renal threshold levels maintain 
higher plasma ascorbic acid levels on lower intakes 
of - ascorbic acid than do individuals with low 
renal thresholds. It is implied that this has a 
corresponding influence upon tissue saturation. 
The effect of a possible renal retention of ascorbic 
acid should not be overlooked when investigating 
tissue vitamin C saturation in clinical material 
(71,72). 

In reviewing the literature, one is impressed with 
the relative agreement as to daily ascorbic acid' 
requirements considering the various criteria 
employed. In establishing the degree of tissue 


saturation, the test dose may be given orally as in 
most cases cited above, or by intravenous in- 
jection (73). In the oral tests, some gauge the dose 
according to the weight of the subject (65, 74) 
while others administer an arbitrary amount 
(usually 300 or 400 mgm. ascorbic acid) and base 
the criterion of tissue saturation upon the ex- 
cretion of 50 per cent of the test dose into the urine 
in the following 24 hours. The adoption of a 
standardized technic for saturation tests under 
suitable sponsorship would help future attempts 
at establishing the proper levels of daily require- 
ments. It is also apparent that the present recom- 
mendations of the Committee on Foods and Nu- 
trition of the National Research Council for daily 
allowances of vitamin C are conservative, espe- 
cially if the body is to maintain suitable reserves to 
successfully resist drains placed upon it by the 
onset of an infectious disease or other emergency. 

Recent observations on the ascorbic acid re- 
quirements of certain lower animals are of interest. 
Hens under demand of heavy egg production when 
fed a vitamin C deficient diet may develop a'vi- 
taminosis C resulting in leg wealeness (75). 
Ascorbic acid when added to purified diets and 
liver supplements exerts a growth promoting ef- 
fect in chicks (76). Ascorbic acid has been shown 
to be of therapeutic value in treating certain types 
of sterility in the cow (77). Later work indicates 
that vitamin C has a direct stimulating effect in 
maintaining fertility in the bull , stallion, jack and 
boar (78). Holstein calves may be raised from 
birth on skim milk supplemented W’ith vitamins A, 
C, and D when given access to hay and grain (79). 

The fate of orally ingested ascorbic acid. Loss 
of ascorbic acid after oral ingestion has been shown 
to occur in infants during diarrhea and following 
saline catharsis (80) . With subsidence of the diar- 
rhea, the fecal losses decreased with corresponding 
increase in urinary excretion. It has also been 
shown that on daily ingestion of ascorbic acid 
in amounts varying from 73 to 1054 mgm., the 
fecal excretion averaged 5 to 13.8 mgm. (81)- 
Since a large part of the difference, especially at 
higher intake levels is excreted through' the 
kidney, the balance must either undergo bacterial 
destruction in the gastrointestinal tract, or be 
utilized in some method as yet unknown by bodj 
tissues. Secretion during lactation (60) is defi- 
nitely established, butsecretion in sweat probablj 
does not occur (82, S3, 84). Excess utilization in 
hyperpyrexia of non-infective origin is doubtfu 
(85), nor does a high intake increase work output 
or exert any favorable influence during exposure 
to high environmental temperatures (86). ^ _ 

Decomposition of ascorbic acid by bacteria in 
the rumen of cattle has been established. Kenda 
and Chinn (87) demonstrated its utilization by 
organisms of the mucosus capsulatus and entoro 
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oorcus groups, isolnlod liy .>ipi'('i!il lui'llioils from 
tlio giislroiiitostiiiiil Inii'l nml fin’ivs of huni:ui 
iH'iiips. Tlioy also fmiiiii tlint oorliiin iioii-.'i.scorhic 
acid formonlinR bartoriii (H. alcoligi’uos, I'li'Mior 
type H. dysonlrriao) oNorl a '‘prolortivo iiKlioli" 
upon llio liri'.'ikdown of •isrorl)ir acid, Tlio .simul- 
taneous r.'Hud fermentation of earl)oliydrale also 
prevents the hreakdown of ascorhie .acid. Voting 
and Hettger (.Kk) later inelinle as aseorhic aeiil 
fermenting orgiinisnis im'iuhi'rs of tlie following 
genera, — kiseiieriehia, .\erohaeter. SaituoueUsi. 
lilierlhella, Sirejtloeoeeus. Mneatisulatus anti 
Vibrio. These ohservations, while imliealing the 
suseeptihilily of asrorhie arid to destruetion by 
intestinal haeteria when sluilit'd in vitro, need 
not lie vietveii with .alarm e\ei'|)t po.ssihly in 
certain individuals whose intestinal (lorn may he 
overrun with ascorhie acid fermenting organisms. 
^Ye may find in this work an answer to the oc- 
casional failure of oral therapy leveept in ina.ssive 
(loses) and the prompt response upon parenteral 
administration. The im))ortanee of the sparing 
action of carhohydrate.s for aseorhic acid when 
suhjcctcd to simiiltaneoti.s hactcrial ticlion should 
not he overlooked, .ktndics of ah.sorplion of 
ascorbic acid by the small intestine in the human 
heing, by the intubation technic, shows that ISS 
to 37-1 nigm. of ascorbic acid can he ahsorheil in 
one hour by a segment of small intestine 1.7 cm. 
long of subjects in either the saturated or depleted 
states (Sfl). 

Some obucrrationx on human suhjects during 
prolonged nucorhie arid depletion.' Tlecent studies 
in prolonged vitamin C depletion in the human 
subject have sought to gain information by avail- 
able methods, of changes in body chemistry and 
physiology as depletion progresses to the scorbutic 
state. Surgical studies have been concerned with 
the relationship of ascorbic acid to wound healing. 
The e.vccllent study on “Experimental human 
scurvy” by Crandon, Lund and Dill fSO) served 
largely as a guide for the study to be briefly out- 
lined here. 

Twelve young men, ages 20 to 30 years, were 
placed on a basal diet inadequate in vitamin C, 
and containing minimal quantities of the vitamin 
B complex. Five subjects remained on this diet, 
five received daily supplements of the B complex 
in amounts recommended by the Committee on 
Foods and Xutrition of the National Besearch 


^The work described in this section was done 
under a contract, recommended by the Committee 
on Metfical Besearch, between the Office of 
Scientific Besearch and Development and North- 
western University. Unpublished data by C. J. 
Parmer, A. F. Abt,D.Y. Burrill, W. W. Carroll, 
M. Dentler, E. E. Foltz, D. O. Manshardt, J. A. 
Wolfer and G. K. Yaoorzynski. 


Council, nml two, serving as coiilrtds, reetdved 
daily su]>plements of (he 11 complex and 7f> lugm. 
a.sctirbic acid, which was later raised to 15(1 mgm. 
Calorie.s, itrotein, minends am! other vilamiiiH 
were supplied in ade(|uale amounts. The experi- 
ment lasted for .seven mouths. Observations were 
made of the plasma ami white-cell platelet 
ascorbic acid content, urinary a.scorbic acid 
excretion, com|iIete blood chemistry, hemoglobin, 
cell count and metabolic urinary constituents. 

The diet was selected from a cafeteria, clioosing 
tho.se articles which were known to be free from 
a.scorbic acid or which by over cooking, with and 
without .soda, and holding on (he steam (able were 
.shown by chemical analysis tube lower lacking 
in vitamin C. In this respect, our investigation 
differed from that of Crandon, Lund ami Dill. A 
civilian might conceivably select a diet similar to 
oiir.s. The a.scorbic acid content while calculated 
at zero, might occasionally rise to o or 10 mgm. 
per da.v as shown by analysis. 

'The average lime required for (he plasma 
a.scorbic acid to fall to zero was 70 days. Crandon 
attained the same i)oint in -11 day.s. 'Tlic white-cell 
plnlolot a.scorbie acid (Iroppcd more rapidly in 
.sid)jert.s deficient in both vitamin C and B com- 
plex, than those deficient in vitamin C alone. 
Zero levels in both groups were obtained during 
(he latter jiarl of the fifth month on tiio depletion 
diet, ('randon recpiired 122 days to reach zero 
white-cell platelet content. 

It was again found that capillary fragility meas- 
urements were an unreliable index of vitamin C 
deficiency (!)0). Crandon reports negative values 
by the same technic in his case. Serum phosphatase 
was unaffected by vitamin C depletion, remaining 
within a range of 1.S9 to 3.01 Bodan.sky units for 
(he depleted subjects, and 2.08 to 3.-I1 units for 
(he norma! controls. The observed decrease of 
phosphatase in the scorbutic infant (91) and 
scorbutic guinea pig (92) need not be considered 
contradictory to our results when it is remembered 
that phosphatase values in man are normally' low 
after skeletal development has been attained. 
We were dealing with young adults 20 to 30 years 
of age. 

Studies on work output were made by Dr. Eliot 
E. Foltz through the courtesy of the Department 
of Physiology, using an electrodynamic brake 
bicycle ergometer. Subjects in both depletion 
groups showed a measurable decrease in work 
output, that of the controls remaining constant. 
Evidence that vitamin C plays a minor part, if 
any, in the performance of work has been pre- 
sented by- Keys (93) in a recent review. Our sub- 
jects complained of severe fatigue during the last 
two months of depletion. 

Neurological and psychological tests were made 
by Dr. G. K. Yacorzynski of the Department of 
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Nervous and Mental Diseases. His observations 
may be summarized as follows; The choice reaction 
time increased after the third to fifth months on 
the deficiency diet. Individuals making the 
greatest number of errors in choice reactions or 
whose reaction time shows great variation, ap- 
pear to show the greatest debilitating effects of 
vitamin C depletion. The latter effect is associated 
with loss of interest or motivation. Characteristics 
such as aggressiveness, submissiveness, etc., 
become e.vaggerated during depletion. Under the 
conditions of our investigation, no measurable 
effect attributable to vitamin C depletion could 
be observed in certain tests including threshold 
of perception, coordination of motion on a jiursuit 
meter and critical fusion frequency of visual 
flicker. 

A study of oral changes attributable to acute 
ascorbic acid depletion was made by Dr. D. Y. 
Burrill of the Department of Oral Pathology, of 
the Dental School. The teeth of all subjects were 
scaled, the necessary fillings made and a program 
of oral hygiene instituted at the beginning of the 
study. Periodic checks and a final examination 
revealed no sponginess of gums or bleeding tend- 
ency . Examination of gums with the biomicroscope 
and slit, lamp revealed no insacculation or capil- 
lary abnormalities. No changes in bonestructure 
were revealed upon X-ray examination. Thelack 
of oral pathologyin our subjects, and the observa- 
tion of but a single small gingival hemorrhage b}’' 
Crandon, Lund and Dill (50) suggest that oral 
conditions frequently ascribed to an acute inade- 
quate intake of vitamin C may in reality be due 
to a pre-existing caries or to improper oral hy- 
giene. It cannot be questioned that severe oral 
lesions follow jn'otracted depletion of vitamin C as 
evidenced by lesions around erupted teeth in the 
scorbutic infant (119). the interruption of the 
lamina dura, indicating a beginning atrophj^ of the 
alveolar bone as observed in x-rays by Crandon, 
and the familiar loosening of the teeth in the 
scorbutic guinea pig. 

Studies of wound healing were made by Drs. 
J. A. Wolfer and W. W . Carroll of the Department 
of Surgery, and histological examinations by Dr. 
D. 0. Manshardt, Pathologist of Passavant 
Memorial Hospital, on all depleted and control 
subjects during the seventh month of depletion. 
An incision 6 centimeters long was made through 
the skin and fascia of the left thigh. After properly 
suturing, biopsy sections were taken of the skin 
and fascia, front the 5th to 14th day of healing. 
The biopsy sections were removed in such a way 
that both cruciate and lineal closures of the skin 
were affected. The biopsy specimens were used 
for histological examination and also for measure- 


ment of the st rength of tissue at the suture line 

, . r . grains to riipliirc at suture line, 

[rupture fact or = “ ; — j. 

area at suture line, (sq. mm.) 

The rupture factor paralleled depletion as indicated 

by ascorbic acid saturation tests. Histological 

examination of the skin and fascia in the depleted 

subjects showed a marked deficiencj^ of reticulum 

and collagen. (See Photomicrographs.) Similar 

results were obtained by Crandon. 

A marked susceptibility to wound infection, 
especial^" in the severer type of wound resulting 
from cruciate closure accompanied vitamin C 
depletion. (See Fig. 1, severel}" depleted subjects.) 
The dependence on adequate reserves of vitamin C 
in tissues for wound healing, and for other functions, 
has been shown by several investigators for both 
the human subject and experimental animals 
(50, 94. 95, 96, 97, OS, 99, 100). A distinction is 
made by Chambers and Cameron (101) between 



Fig. 1. Photographs of wounds in severe vitamin 
C depletion. Diet vitamin C deficient — B complex 
minimum. Mahoney (left) on eighth daj' and 
Mallette (right) on eleventh day after biopsy with 
cruciate closure. 

the requirement of ascorbic acid for formation and 
maintenance of interstitial matrices (dentine, 
bone, collagen in connective tissue) and the 
non-essentialness of ascorbic acid for production 
and effectiveness of intercellular cement. 

Periodic phj'sical examinations were conducted 
bj' Commander A. F. Abt, U.S.N.R. No evidences 
of clinical scurvy were observed except hj'per- 
keratotic papules surrounding the hair follicles on 
the lower extremities. The latter were observed 
by Crandon at an earlier date on his more 
rigourous diet. Although spontaneous capillar 3 ' 
hemorrhages never occurred in our subjects, 
several areas around the wounds showed pctechiac 
resulting from the slight trauma attending surgical 
manipulation. No such areas were observed on the 
normal control subjects. 

Following the surgical studies, all subjects, 
except the two who were hospitalized because of 
severe wound infection, received bj' mouth a test 
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doso of 15 nipm. of nrcorbic ncid per kiloRmni of 
body weight. Their degree of tirsue fiatur.ntioii wns 
judged from the bclmvior of (he ]dnsnm upcorbic 
ncid curve, its imignitudc of rise, nod tiie hourly 
ewreiion of .iscorbic .neid into the iirine, during 
thCEvibscqueut five hour period. Tyiiica! rurve.s ore 
given in figures 2 nnd I!. These, together with the 
results of the .surgical (itmiic.s, indicate the aatura- 
tion lest .as de,se.ribcd hero to be .a convenient and 
reliable index of tissue depletion. The.se studies 
further indicated (imt daily intakes of 10(1 nigm. 
ascorbic acid for one inontli provide, aderprate 
tissue s.aturation for a inaxiinum rate of tis.auc 
repair in he.altliy young adults. Even Ic.s.scr 
amounts are indicated by the behavior of one 
subject (Robloy), cinjdmsiring the role of 
individual variations, or possibly a Ic.ss rigitl 
adherence to .a prescribed diet. Thc-sc studies will 
bo reported elsewhere, in full at a later date. 


ftcid may bo related to tbo animnl’a detoxification 
proccs.scB. , 

Sulr.bcrgcr nnd Oscr (105) in 1935 showed that 
guinea pig.s on dicta inadequate in vitamin C, 
arc more easily scn.sitir.cd to nconrsplienaniiiio by 
intracut ancons injection tlmn controls on ade- 
quate diets. 

In 19.37, Dainow (lOO) reported a favorable in- 
llucnce of ascorbic acid ui>on arsplicnnininc toler- 
ance in tbc luiinan being. Many of bis subjects 
were judged to bo on inadequate vitamin C intake 
as evidenced liy tlie luck of urinary excretion of 
this substance. Plasma ascorbic acid levels (107) 
are depressed in some cases and not in oUicrs (108) 
by .administration of nuoarsplicnaminc. It lias been 
shown liy Rundesen, .Aron, Grccncbaum, Fanner 
anil Abl (109) that the dermatitis developed in 
human subjects when p.atch tested with various 
nrsciunnls may bo prevented in a large proportion 


\Tne-n.a c sATuwvnc.a 
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, 2 and 3. Vitamin saturation te.sts 



sfirijifij 

Cmlnjl, C rf.r. ^BeW. 

Fig. 3b 


ilhcellayieoiis conditions apparently influenced 
by ascorbic acid. In conclusion, a word should bo 
said regarding the rOlc of ascorbic acid in certain 
drug intoxications, the anemias and one or two 
other conditions. 

It has recently been reported that scorbutic 
pmea pigs show e.xtensivc hepatic damage when 
injected with hydrazine (102) while control ani- 
mals receiving 30 mgm. ascorbic acid daily were 
oompletely protected. Evidence that pathologic 
changes may occur in the parenchymal cells of the 
liver, and in the proximal convoluted tubules, in 
the guinea pig as a result of scurvy has recently 
been reported (103).Longenccker, Frickeand King 
(lot) have shown an increased excretion of 
ascorbic acid into the urine of albino rats after 
administration of certain- hypnotics and anti- 
pyretics. While there was no evidence of conjuga- 
tion of ascorbic acid with these drugs, it is sug- 
gested that the endogenous production of a.seorbic 


of cases, by admixture with ascorbic acid. Koonrs- 
pbcnaniine and mapharsen solutions exposed to 
air-arc quickly oxidized to a brow-nish-black color. 
Tlic addition of ascorbic acid markedly retards 
tills reaction. Recently MoChesney, Barlow and 
Kliiick (110) have shown that the toxicity of 
neoarsphenamine for albino rats is materially 
reduced by ascorbic, isoascorbic, d-glucoascorbic 
and p-aminobenzoic acids. The most favorable 
effect was obtained when the arsenical and pro- 
tective agent wore injected simultaneously in the 
same solution. The function of ascorbic acid 
appears to be primarily that of preventing o.xida- 
tion, chiefly after injection. Much clinical data 
1ms accumulated in evidence of the amelioration 
of sj-mptoms of toxicity when arsphenamines are' 
administered with ascorbic acid (106, 111, 112 
113). 

Studies on the relationship of vitamin C to 
anemia are numerous. Anemia usually ac- 
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companies the production of scurvy in the growing 
guinea pig (114). Administration of some source 
of vitamin C (115) improves the blood picture un- 
less the animal has lost more than 25 per cent of its 
body weight or one-third of its hemoglobin (116). 
A specific erythropoietic action has been at- 
tributed to vitamin C (117), but other investi- 
gators have failed to associate anemia, at least in 
the adult, solely with a vitamin C deficiency (50) 
but concomitantlj’^ with infection, general mal- 
nutrition or iron deficiency (118, 119, 120). It has 
been shown that patients with pernicious anemia 
on adequate vitamin C intakes have a significantly 
lowered plasma ascorbic acid level while patients 
on similar diets with an iron deficiency anemia 
show normal levels (121). The administration of 
ascorbic acid concomitantly with liver therapy has 
been successful in causing remission of symptoms 
in a series of pernicious anemia patients following 
unsatisfactory response to liver therapy alone 
( 122 ). 

Many other important observations could be 
added, for example the development of oral lesions 
accompanied by an increase in the fusospi- 
rochetal flora by Macacus mulatta monkeys when 
maintained on diets deficient in certain members 
of the B complex but adequate in vitamins A, C, 
D, nicotinic acid and riboflavin (123). Gluco- 
ascorbic acid when fed as 10 per cent of the dietary 
has produced a condition in mice which the 
authors consider as the counterpart of scurvy in 
other animals (124). A final observation, which 


may be of importance in the field of aviation re- 
ports that exposure of human subjects at a simu- 
lated altitude of 18,000 feet for one hour every 
second or third day, disturbs the metabolism of 
vitamin C (125). The immediate effect was a de- 
creased urinary excretion of ascorbic acid followed 
later by a compensatory excretion of large 
amounts of this substance. Guinea pigs injected 
with 100 mgm. ascorbic acid when exposed to a 
simulated altitude of 18,000 feet for 12 hours 
showed a higher plasma and muscle ascorbic acid 
content than control injected pigs remaining at 
normal atmospheric pressures. 

Conclusion. An attempt has been made to bring 
together information as to food sources of vitamin 
C and the influence of certain methods of handling 
and cooking upon the ascorbic acid content. A 
brief review of methods for analysis of food, and 
body fluids is given. Requirements ascertained 
for various age groups are indicated. Studies on 
depletion of human subjects have furnished evi- 
dence indicating that tissue depletion requires a 
considerable period to affect adversely processes 
of surgical repair. It is also shown that an individ- 
ual may inadvertently subsist on a diet which 
through processes of handling or poor selection 
of foods may without apparent physical symp- 
toms, reduce his body stores of ascorbic acid to a 
dangerous degree, leaving no margin of safety in 
the event of any unusual demand. Brief discus- 
sions of the r61e of ascorbic acid in detoxification 
and the anemias is also given. 
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INTllODUCTION TO THE SYMPOSIUM ON CONVALESCENCE AND 

REHABILITATION 

ANCEli KEYS, Ciiaiiiman 

The I^hnrntor;/ vf Phtixiolooico! lltipiaic, Univcmilti of tMvmrfota, j}f inticnpoli}i 


The practicnl needs for kiiow)cdj!r! of tho pliyeio- 
logical factors in convnlcsconrc nnd rclinlnlilntion 
arc wcl) stated in tliis syinposinm by Doctor 
Tilled nnd by Colonel Husk. Specific points of 
onUtamlinf: clinicnl nnd scientific uncertainty 
arc CN'cniplificd on every patte of the sticcccdiiif; 
papers. It 'vfts rccopnircd nt the outset that this 
eymposiiim nould con.'ist primarily of questions 
rather than nnsvvors but it. seemed desirable to 
hrinp together such information and opinions ns 
could beofrered by a panel of c.vperts repre.scniing 
awiilc range of spcci.altics. 

Tho war has forced the emergence of a larger 
physiotogj’ than hn.s been recently chnrnctorislic 
of the academic view of the subject. While it would 
ho rcgrcttablo to curtail the more purely Aris- 
totelian approach it must be admitted that the 
(diysiologj' of man as a whole, including p.'ycho- 
logical aspects nnd applied physiology gencrallj’, 
has too often received rather cavalier treatment, 
la cvtcnualion of tho physiologist it should bo 
noted, however, that suitable facilities and per- 
sonnel needed for detailed nnd controlled studies 
on man are rarely available in either universities 
or hospitals. Such work is expensive nnd demands- 
intensive collaboration between spcci.alists repre- 
senling several sectors of the broad science of 
physiology. Animal experiments yield a rich re- 
vrard of accurate data but they arc inherently' 
limited to the analysis of parts of the broader 
problems. It must be roalired that knowledge of 
the whole is not readily synthesized from tho 
minute inspection of some of its parts. Further- 
more, species differences prevent detailed predic- 
tions for man and other animals. 

The contributors to the present symposium were 
lepeatedly urged to abandon the narrow conserva- 
tism of factual citation in favor of the expression 
of opinions and ideas not necessarily buttressed 
by all the paraphernalia of pedantic scholarship. 
In the essential absence of directly pertinent in- 
formation a mere recital of claims or of findings 
m situations only remotely analogous to the real 


problems would lie fulile. Koine lioldness is neces- 
sary (o make a symposium of ideas. 

IVrlinps the chief function of this series of dis- 
cussions is to clear the way for tho real fact finding 
to come. It is hoped that much new research will 
be stimulated by the present exposition of prob- 
Icm.s nnd cxpre.ssioii of ideas. I’owcrful molivnlion 
may result from disagreement with some of tho 
present opinions. A dolibernte attempt has been 
made to provide targets to shoot nt; of necessity 
this means tliat many of us have ventured on to 
more remote limbs limn is our customary wont. 

-An effort has been made to force consideration 
of some of the ivsycliologicnl aspects of convales- 
cence nnd relialuTitnIion. This is especially' ap- 
parent in the contributions by Taylor nnd Brozek, 
Dunbar, nnd Goldstein. As a matter of fact, pre- 
vious efforts in rolmbililalio'n h.avc been largely 
in the psychological field but distinction should bo 
made here between general bodily re-building and 
vocational rehabilitation. Thelnttcrincludes some 
therapeutic applications but is often confined to 
special job placement. 

A notable omission from the present group of 
contributors is primary representation from phys- 
ical education. It is unfortunate that work in 
physical education is too remote in method and 
principle from our hospitals and laboratories in 
the fundamental sciences. Wo may hope for some 
improvement from the rather tentative efforts 
in a few universities, such as Harvard, Indiana, 
Wisconsin and Minnesota. 

In science generally' progress is slow in propor- 
tion to the complexity of the subject. Surely no 
questions are more complex than those of con- 
valescence and rehabilitation, but it may be 
hoped that efforts more commensurate with the 
scientific and social importance of these problems 
will vastly increase our know'ledge. We need not 
judge the field to be barren because in the un- 
cultivated state its products have been few and of 
dubious merit. 
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THE NEEDS FOR PHYSIOLOGICAL KNOWLEDGE: CIVILIAN MEDICINE 

WILLIAM S. TILLETT 
New York University College of Medicine 


If an attending physician when making rounds 
on the wards of a general hospital asks himself at 
each patient’s bedside the question why is this 
patient kept at complete bed rest, the answers are 
interesting to consider and are liable to be,, in a 
surprising number of instances, vague in their 
content. The degree to which bed rest with its 
accompanying physical inactivity is enti'cnched as 
a routine part of orthodox medical care, particu- 
larly hospital care, is illustrated in a very oirvious 
and simple fashion by noting that the size of a 
hospital is traditionallj' referred to in terms of 
“bed capacit}'.” The principle reason for the 
limited attentiozi which the general aspects of the 
management of sickness have received is ac- 
counted for by the concentrated interest which 
medical studies have given to the pressing prob- 
lems of individual diseases with respect to specific 
etiology, essential nature, and specific therapy. 

In the present rising scientific interest in the 
field of convalescence and rehabilitation, the 
range of medical studies is being broadened be- 
yond disease entities by directing special attention 
to that period of sickness which is primarily con- 
cerned with recuperative processes leading to 
ultimate recovery and also with the maintenance 
of the normal functioning of as much of the body 
as possible in spite of the persistence of permanent 
disability or of the presence of some, as yet, ir- 
reversible pathological change. In accomplishing 
this purpose the greatest progress may be expected 
to emerge from applying the same principles of 
exactness in observation and research methods to 
the complicated elements involved in the con- 
valescent state that have been so successfullj’’ 
utilized in studying specific maladies that are 
primarily responsible for morbidity. 

Although the subject is a broad one, the physio- 
logical aspects of the problem are particularly well 
illustrated by reviewing the bases for the es- 
sentially routine medical procedure which utilizes 
bed rest for indeterminate periods of time as the 
most conspicuous adjunct to anj' other form of 
medical treatment. 

Without belittling the charm and comfort of 
repose or minimizing its restorative value for 
acute fatigue it is pertinent to attempt to assay 
the effects of proti-actcd physical inertia on the 
patient’s course. As an aid in identifying the 
special problems that invite technical study in 
this field the query posed at the beginning of this 
article may be subjected to detailed analysis 


based on present knowledge and current znedical 
practice. 

In discussing the topic it is unnecessary to in- 
clude a consideration of the presenting necessities 
which require that a patient be put to bed immedi- 
ately on admission to the hospital. Factors in- 
volved in the patients immediate needs and com- 
forts in the procedures of clinical and laboratory 
examination, and in estimating the severity of the 
disease under basal conditions are circumstances 
which are self evident. 

However, after the diagnosis is made and the 
plan of treatment directed toward the specific 
malady is instituted, the reasons for the subse- 
quent enforced periods of passive relaxation invite 
detailed consideration. 

Expressed in broad terms, the chief purpose of 
bed rest during sickness is to reduce to' a minimum 
the activity of the parts of the body or the physio- 
logical systems that are involved in the disease 
processes. This_therapeutic conviction is based on 
the medical belief that optimum healing of areas 
of disease require inactivity of the affected part 
and that readjustments of pathological physiology 
are dependent upon minimal functioning of the 
.system involved. Patients being as a rule intact 
organisms, the means by which the diseased organs 
or systems are given the advantages of maximum 
bed rest result in the patient as a whole being in- 
volved in protracted periods of inactivity. The re- 
sulting total inactivity, therefore, creates through 
disuse, damage to functions that are otherwise 
normal while at the same time permitting damaged 
tissues to undergo repair. The crux of the problem 
of convalescent care lies within this paradoxical 
situation. 

As the course of hospitalization proceeds the 
decision as to when the patient may bestir himself 
is based on clinical evidence of considerable im- 
provement or complete clearing of the organic 
disease plus — and often the most influential reason 
— the patient’s wishes in the matter. In the ab- 
scence of either one or both of these indications, 
or when changes in the pathological processes oc 
cur slowly or not at all, the continuation of the 
period of physical inactivity is usually assumed by 
both physician and patient to be the acceptc 
course of convalescent care. 

Against the background of medical managemen 
which has been briefly outlined in the preceding 
paragraphs, it is interesting to consider how muc 
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of it is bast'd on objri'tivo tliitn otitssiiu'd liy viilid 
mclliod? of obsrrvntioii. 

On the basis of rlinicnl pxpi'rioni't' hiipportrd in 
paTt by patboiofical nntl ptiysiolopirivi ol'sorx’ti- 
lions it is possibio to list tbo ntmonnulitios for 
Tviuch complotp innrtivity is most cloarly imli- 
catwl. They nro; 

Iteducinp the demand oxaetotl by idiysienl ex- 
ertion on a cardio-vascnliir and respiratory 
system rendcretl ineoiopetcnl by disease mid 
further embarrassed by imisenlar effort ; 
eliminatinp pain and sdleviatinp; other distres- 
sint; symptomatolopy and anxiety referable 
to physical movement ; 

promoting the svistaineil tipproximaiitot of heal- 
ing surfaces by immobilir.ation ; 
fixing as much as possible areas t)f aetite in- 
flammation; 

arresting heniorrhape or preventing its re- 
currence. 

At the height of any illness charaetcriced by the 
presence of any one of the serious abnormal mani- 
festations listed above, the indirations for com- 
plete rest appear authentic. However, after the 
acute phase has subsided, the extent to wliich the 
period of inactivity should be rontimied depends 
at present on individual subjertive medical 
opinions, which arc, for the most jiart, empirical. 

Mithin this field which comprises the conx'alcs- 
cent state there are two needs for guidance that 
clinical medicine docs not possc-'s. The first deals 
aith methods of objective mca.surcmeiit by which 
the exteat of damage to any system involved in 
the disease process may be mcasurp<l with pre- 
cision and by which the rate of return of its func- 
tion to normal may be followed. 

The second requirement concerns alterations oc- 
curring in other systems of the body caused, on the 
one hand, by the sympathetic or indirect effects of 
the primary disease and, on the other hand, by 
the depressed functions referable to sustained 
periods of inactivity. 

The physically weakened and organically in- 
efficient state in which the body is left after the 
stormy events of active disease have subsided is 
nmde up of numerous elements of an anatomical, 
physiological, biochemical, and psychological na- 
ture that interact in a complicated fashion. 

An understanding of the origins and relative im- 
portance of those factors await the results of in- 
vestigations that involve essentially every field of 
research, particularly those dealing with function. 
Although the tenor of the remarks bo far elabo- 


rated in tliis report have implied that when no 
positive indications for eomjtlele bed rest are ap- 
parent in the patient's clinical state, its use is 
not only not benofic.iul but is even harmfttl, it inuy 
also be etpinlly cmjdmsized that the iiiBlilntioii of 
physical exertion williotit utilizing acctirate inollt- 
ods of e.stinmting its cfTect is subject to the same 
criticism. In this connection it is important to 
mention that one of the fallacies in physiological 
measurements, piirtienlnrly when disense is pres- 
ent, rest.s upon the assnmitVion that resnUs ob- 
tained miller litiml comlitions rcprc.scnt the stale 
of an organ and its capacity to function under 
normitl conditions. Since the bnsiil condilions 
for most tests require lluilnn individual remain in 
the supine position with minimal physical, mental 
ami melnbolie activity for specified periods of 
time and since the iiormiil conditions of living are 
aecompanied by movement, exertion, ccrcliralion 
and active metaholism that arc operative during 
lioriods of erect po.sture, it is obvious that the find- 
ings under e.ach set of oondilioiiB may not be 
interchangeable. Moa.stirements of the capacity 
and range of function arc more serviceable for 
properly controlling eonvalcsceiit care than arc 
repeated c.slimatcs of ba.sal function. 

lly way of summary, one of the important con- 
tributions that may be expected to emerge from 
studies directed along the linc.s indicated in this 
article is that the management of the convalescent 
period of sickness xvlll cease to be a non-specific 
empirical procedure but will take its place among 
the specific forms of therapy directed purpose- 
fully toward well defined organic and functional 
abnormalities. 

Under those circumstances it may be predicted 
with confidence that the clinical sciences will ex- 
hibit the same active interest in the processes and 
the treatment of the recuperative phase of disease 
that they hax'c formerly given to the primary 
disease entities since with this increased sphere of 
knowledge, vague elements included in such ex- 
pressions as debilitation, weakness, and invalidism 
become identifiable disorders the control of which 
may be approached with technical accuracy. 

It may also be envisioned for the future that in 
civilian hospital management, and also in hospital 
construction, the center of emphasis can be trans- 
ferred from “bed capacity” to include broader in- 
terests which individualize the restorative require- 
ments needed by patients according to intelligent 
tangible indications that e.xtcnd beyond the 
bedposts. 
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THE NEEDS FOR PHYSIOLOGICAL KNOWLEDGE; THE ARMED SERVICES 

HOWARD A. RUSK 

Colonel, Medical Corps, Chief, Convalescent Training Division, Office of The Air Surgeon, 

Washington, D. C. 


In the past three decades the science of medicine 
has made impressive advances. Surgery, pathol- 
ogy, biochemistry, bacteriology, and physiology 
each have added their contribution to the great 
pyramid of scientific medical knowledge. The 
practicing physician has been overwhelmed by an 
avalanche of technical knowledge far too great 
for any one man to assimilate fully and utilize in 
an orderly fashion. In attempting to evaluate, 
crystallize, and put into terms of effective treat- 
ment this great mass of scientific data for each 
individual patient, the physician has been com- 
pelled to focus his attention primarily on the ther- 
apeutic application of medical science. The disease 
has been treated, but more than occasionally, the 
patient has been neglected. When the medical or 
surgical crisis has passed and the curtain has been 
drawn on the drama of the necessity for immediate 
decision and action, the busy physician has been 
prone to allow his patients to drift aimlessly 
through the days of convalescence without chart 
or rudder. Needless days have been lost from pro- 
ductive activity, relapse has been common, and 
boredom constant in the grey days of convales- 
cence. 

The need for a planned, supervised, and pro- 
gressive program of convalescence is a military 
necessity in time of war. In the Army, a soldier is 
either sick in the hospital or on full military duty. 
Bed rest and idleness are not conducive to physical 
fitness. The human body does not remain static. 
Bed rest often is necessary, but bed rest brings 
about “deconditioning,” and this must be coun- 
teracted by specific “reconditioning.” Recon- 
ditioning must be both physical and mental, and 
to be effective must follow the cardinal principles 
known to all practitioners of medicine. As in any 
type of therapy, it must start early and be a con- 
tinuous, progressive, and uninterrupted process to 
the point of successful completion. 

Individuals engaged in flying are subjected to 
unique physiological stresses rarely encountered in 
any other occupation. It becomes necessary there- 
fore for the physician practicing aviation medicine 
to acquaint himself with these stresses in order 
that they may be prevented insofar as possible, 
andif they occur, be treated onasound physiologi- 
cal basis. The flight surgeon is engaged in a never- 
ending effort to attempt to maintain a normal 
physiology in flying personnel through indoctrina- 
tion in the physiological effects of flying and to 


combat the effects of abnormal physiological ex 
posure by the use of secondary devices. A concretf 
example of this work is the AAF Altitude Training 
Program — one of the largest physiological teach- 
ing programs ever devised for a specific oc- 
cupation. 

The physician in aviation medicine, then, is 
faced not only with the necessity of acquiring 8 
sound physiological basis for the practice of the 
usual type of medicine but also of acquiring a 
sound physiological knowledge on which to base 
the treatment of injuries encountered as a result 
of the abnormal physiology which may occur in 
flying. 

Physiology has already made invaluable con- 
tributions in the field of aviation medicine. 
Oxygen deficiency, aeroembolism, motion sick- 
ness, decelleration, and frostbite are a few of the 
major problems that have been given to the physi- 
ologist for solution. Tremendous strides have been 
made in research in these fields. The opportunities 
for further research in these and kindred physio- 
logical subjects are myriad. 

In order that convalescence of the sick and 
wounded may be put on a scientific basis it is an 
absolute necessity that the basic physiological 
facts be known. What does bed rest really do to 
the human organism? What is the significance of 
the biochemical changes as a result of bed rest in 
both the normal and the sick? What tests can be 
used to guide the physician in gauging the degree 
of convalescence attained and in prescribing ac- 
tivity, diet, and proper physiotherapy procedures 
What is the optimum period of bed rest in acute 
infections? What effect has the maintenance of toP 
physical fitness on the fixed parts in orthopedic 
injuries? When should brain injuries become am 
bulatory and by what criterion? To what extcn 
is complete bed rest a physiological procedure in 
tuberculosis and rheumatic fever? These are on y 
a few of the questions -that pose themselves to t ic 
medical officer responsible for the convnlesccn 
training and rehabilitation of the disabled sol icr- 

The AAF has operated successfully a program 
of convalescent training and rehabilitation since 
December 1942, and numerous basic physiolopcsi 
problems have presented themselves -in ® . ' 

The need for sound physiological knowledge m 
convalescence and rehabilitation is basic. Mi i ® 
medicine looks to the physiologist for help m 
ever-broadening field of medicine. 
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ENERGY METAROLISM AND CALORIC REQUIREMENTS 
H. ir. MITCIIELI, 

Auimnl Nutrilion Division, Unircrsity of lllitwiB, Urbana 


Tito individual recovcriiiK from disease, injury, 
or chronic undcr-fccdiiiK is in need primarily of 
rcalimcntalion lo restore him to health and normal 
acti\-ity. His food supply has hcon limited by the 
disinclination lo lake food or by the inability to 
obtain it. Ho is Rencrally cxi.sting on a lotv meta- 
bolic level, but if the primary damage to his sys- 
tem inflicted by di.scjisc or trauma h.as been halted, 
his rcalimcntalion can bo promoted according to 
the cst.ablished principles of the science of nutri- 
tion. If the m.alnutrition induced by disease, 
injurj- or underfeeding rclatc.s to certain specific 
essential dietary factors, obviously rcalimontntion 
must be directed primarily to tlio correction of 
these deficiencies by proper dietetic me.asurcs. 
But a-helhcr or not specific deficiencies arc in evi- 
dence, the secondary, if not the primary, goal of 
realimentation is to secure not onlj' an adequate 
consumption of food energy, but an c.vccssivc con- 
sumption to build up the body to its normal size 
and efficiency. 

The energj' requirements of the bod 3 ' and the 
disposal of food energy arc dilTcrcnt phases of the 
metabolism of encrg,v. Energy transformations 
are intimately involved in all of the biochemical 
reactions occurring rvithin the tissues and the 
cells; whether the transformation of matter or of 
energy is the more important depends in general 
upon whether the reaction is sj’nthetic or analytic 
in character. If sjmthetio (anabolic), the phj'sio- 
iogical purpose of the reaction is to produce mate- 
rial substances for the construction of new tissue 
or for the maintenance or repair of old tissue. 
The energy transformation is of only incidental 
irnportance, though for many sjmthetic reactions, 
energy is absorbed and must be supplied bj' simul- 
taneous analytic, or catabolic, reactions. Thus, 
the conversion of glucose to fat (6) seems to in- 
volve the absorption of an amount of energy 
equivalent to what would be produced by the o.vi- 
dation of about one-fourth of the amount of 
glucose converted. 

The predominant purpose of analytic (catabolic) 
reactions is to liberate the potential energy of food 
nutrients for the performance of physiological 
.'vork, involved in the pulsations of the heart, the 
movements of the respiratory muscles, the per- 
formance of mechanical work by the voluntary 
muscles, and of chemical work by the glands of the 
body. During the performance of physiological 
work, the energy liberated by the catabolic reac- 
tions is dissipated from the body as sensible heat, 
except to the extent that work is done upon the 


environment, in which case energy is stored in tho 
environment, ns in winding a clock or climbing a 
etnircn.se, or its dissipation ns hont occurs outside 
of the bodj', ns in pedalling a bicycle. Therefore, 
the mensurement of the hont emitted from tho 
body under conditions such Hint work is not done 
upon the surroundings, is a monsuro of tho energy 
produced in metabolism when sensible heat is not 
stored within the body lo produce a rise in body 
tcmpcrnturc. 

The phj’siologicnl work that a man performs 
and the energy ho produces is in a vorj' real sense 
a compos! to measure of the life actitdtics, although 
not a fair measure of the cultural or social values 
of such activities, since mental work, in contrast 
to muscular work, involves an insignificant ex- 
penditure of onergj' (2). 

The ingestion of food imposes a certain amount 
of phj’siologicnl work upon tho body in effecting 
its digestion, its progression along the alimentary 
canal, tho excretion of undigested residues, tho 
absorption of the end-products of digestion, the 
transportation of these products to tho tissues, 
and tho excretion of tho cnd-products of their 
metabolism by tho lungs and tho kidneys. Also, 
the influx of the end-products of digestion into the 
tissues stimulates their rate of metabolism. In 
consequence of all of these factors, but particu- 
larly of the latter, the energy production of tho 
body is increased as a result of the taking of food. 
This increase in energy production, is the so-called 
specific dj’namic action of food. 

The total energy produced in the body consists, 
for all practical purposes, of the following main 
factors : 

(a) The basal metabolism including those 
energj’ transformations involved in the mere 
maintenance of life, the “cost of living” in terms 
of energy. For persons in normal health and nu- 
tritional status, the basal metabolism proceeds at 
a rate proportional to the surface area of the body 
and to age, and maj’ be estimated with an ac- 
curacy of 10 or 15 per cent from any of a number 
of prediction equations. In undernutrition and 
convalescence the basal metabolism may be de- 
pressed by 20 to 30 per cent. In psychoneurotic 
individuals, on the other hand, emotional reac- 
tions may elevate the basal metabolic rate by as 
much as 40 per cent (29). 

(b) The incidental muscular activities of the 
body involved in normal living, and in sedentary 
work. They include those movements essential to 
the care of the body and its nourishment, to enter- 
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lainment and social intercourse, and also those 
movements incidental to effective mental work. 
For lack of a better term they may be called the 
“energy increment of effective living,” and, to- 
gether with the basal metabolism, they constitute 
a minimum cost of effective living, again in terms 
of energy. The energy increment of living is com- 
monly assessed at 50 or 60 per cent of the basal 
metabolism, though it obviously may vary greatly 
depending upon temperament and habits of living, 
and particularly upon age. In the active child, the 
energy increment of living may amount to 75 per 
cent of the basal metabolism (17), while in the 
aged it may shrink to 20 or 25 per cent. In con- 
valescence it may drop to 10 per cent during con- 
finement in bed. 

(c) The energy expended in effective muscular 
work in manual labor. This quota of energy is 
related to the amount of work done. When the 
work can be measured, the energy expenditure 
may be estimated at 4 or 5 times the heat equiva- 
lent of the work done, since the human organism 
works generally with an efficiency of 20 to 25 per 
cent. In convalescence, this degree of muscular 
efficiency may still hold with little deviation. If 
the work is so complicated, as the work of type- 
writing, that it cannot be readily measured, the 
required expenditures are determined experi- 
mentally and expressed in calories per hour. Such 
determinations have been carried out for many 
kinds of domestic, industrial and agricultural 
labor. A compilation of many of these measure- 
ments' of energy expenditures in effective manual 
labor has been published by Orr and Leitch (23). 
In hard manual labor, the rate of energy expendi- 
ture may amount to 8 or 10 times that of the basal 
metabolism. 

(d) The energy expended in athletic sports. The 
work performed in some of these activities may be 
estimated with satisfactory accuracy, from the 
body weight and the height it is raised, or from the 
weight of a heavy object and the distance it is 
cast. But competitive sports and games are not of 
this character, and the energy e.xpended in their 
performance, rather than the work done, must be 
directly determined. Some such determinations 
are given in the article of Orr and Leitch (see also 
28). Others are scattered through the literature. 
An athlete may attain a rate of energy expenditure 
of 20 times the basal rate, or, in intense efforts 
lasting only a few seconds, a rate of 70 to 100 times 
the basal rate. 

(e) The energy expended in the specific dynamic 
effect of food. This quantity of energy is related to 
the amount and character of the food consumed. 
Commonly used estimates for man are either 6 or 
10 per cent of the fuel value of the diet. High- 
protein meals exert a greater specific dynamic 
effect than low-protein meals (3), and under condi- 


tions of rapid deposition of fat, as may occur in 
realimentation from disease and underfeeding, 
excessive heating effects of food may be^xpected 
(6, 24). 

For an adult organism, exclusive of the pregnant 
or lactating woman, the sum of the energy ex- 
penditures from (a) to (c) inclusive, represents the 
energy requirement of the body. They result from 
the catabolic reactions of metabolism, since in 
adulthood catabolism greatly predominates over 
anabolism. Even in childhood, the anabolic re- 
actions arc quantitatively insignificant because 
of the slow growth rate of the child (7). The daily 
formation of new tissue in child growth ranges 
from 50 to 52 grams in the month-old infant to 
4 or 5 grams in the pre-school child, rising again 
to 18 to 20 grams in the adolescent (18). Assuming 
that this daily increment in body weight possesses 
an energy value of 1 cal. per gram in the infant to 
1.5 cals, per gram in the adolescent, the energy' 
content of the new tissue formed daily would, at 
its maximum, not exceed 52 cals., and for most of 
the growth priod would range from 6 to 30 cals. 
In convalescence, the daily energy stored in re- 
habilitation may conceivably exceed these figures 
greatly, though no information on this point is 
available. 

In the pregnant woman, the formation of fetal 
tissue is equivalent at term to a daily' storage of 
only’ 20 to 25 cals., and this represents themaxi- 
mum rate of intra-uterine growth. In lactation, 
with the milk flow ranging from 500 to 1000 co. 
daily', the dietary energy thus stored would equal 
the considerable quotas of 320 to 640 cals. 

The sum of this stored energy and of the energy 
expenditures above listed will give the total energy 
required by the child, the convalescent, the preg- 
nant woman, or the lactating mother. Thus, the 
estimation of energy requirements is a mathemati- 
cal procedure, the accuracy of which will depend 
upon the extent to which an individual’s physio- 
logical activities can be analyzed, and, when thus 
analyzed, evaluated in terms of energy. very 
practical phase of the science of nutrition is the 
evaluation of human activities in terms of energy 
expenditures. There is a great need of further 
studies of these energy factors in the convales- 
cent (8, 24). . 

The satisfaction of the body’s requirement o 
energy is, in practical nutrition, left entirely to t w 
appetite. And dietary studies have shown tiat 
the appetite to a remarkable degree adjusts t e 
intake of food energy to the requirement in t e 
healthy individual in the' great majority of 
In contrast, the human appetite cannot be re le 
upon to adjust the intake of the essential nutnen s 
to the, requirements fob those nutrients, n a 
remarkable comprehensive study of the nutrition 
of a papulation in Maine, Dove (9) has deteo c 
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only n very moilernln oorn’lntion between the 
nutritive vftluo of foods and tlicir nceeptnhilily 
to consumers, rcpresculed bj* a eorrelntion co- 
cITicicnt of only +0.2S ± 0.01. 

From these facts, one mipht infer that the need 
forenerfy is paramount in biimnn nutrition. This 
fccms to be rceognired in the rationing of the 
.army. tVodieka (27), after reviewing brirlly recent 
advances in the .science of nutrition, niake.s the 
following statement; 

“Paradoxically enough, in military aub.sisteiice, 
these recent epoch-making advances arc distinctly 
secondary in importance to a fundainental nulri- 
trional principle which must have been at least 
suspected by the cave ninn—nainely, that a man 
must have enough to cat. In Army rations, (he 
Mlorie takes precedence over the mierogram. 

"This order of priority has not been e.stablishod 
by fiat or even by a eonferenee of learned men. 
Repeated tests, both in physiology laboratories 
and in the field, have .‘-'bown that a dofieicncy in 
c.alorics rcsult.s in impaired porfornianee and jroor 
morale more quickly and more markedly than a 
deficiency of any specific nutrient.” 

Not only is the need for food energy paramount 
in human nutrition, but to a largo extent the 
cnerg)' consumed determines tlic requirements of 
specific nutrients. Tin's is recognized in tlio recom- 
mended dietary nllowaiiccs of the Food and Nutri- 
tion Bo.ard of tlie National Rcscnrcli Council, in 
that the allownnce.s for thiamin, riboflavin and 
macin arc proportional to the caloric intake. 
Quoting the report giving these nllowanccs (11): 
"This relationship has been established for 
thiamin, and it hns been assumed to liold also for 
riboBarin and nicotinic acid, since, like tliinmin, 
they are part of the enzymic system involved in 
the metabolism of carbohydrate.” 

The interrelationships of tlie nutrients in nutri- 
tion are such that one might expect that the need 
for any one nutrient is dependent upon the pres- 
ence of others, and particularly upon the intake of 
orpnic nutrients that replenish the “metabolic 
, mixture” from wliicli the cells derive the energy 
for all types of physiological work. This might be 
presumed to be true at lea.st for those nutrients, 
including minerals and vitamins, whose functions 
are concerned in promoting and regulating the rate 
of liberation of energy from the metabolic mixture. 
Presumably, it would not apply to those nutrients, 
such as protein, calcium, phosphorus and possibly 
'itamin A, the main function of which is to con- 
tribute to the structure of the tissues or organs 
of the body, or to the maintenance of the integrity 
of these structures against inevitable erosion by 
catabolic processes. 

The conception of the balanced diet is based 
upon this assumption. The more of a balanced diet 

ot is consumed by an animal up to the point of 


the repletion of it.s energy requirements the bettor 
nourished will it ho. Conversely, the more of nn 
unbalanced diet that is consumed, by whicli is 
incanl a diet inadequate in one orinorocssontinl 
nulrionts, the ))oorcr nourished the animal be- 
comes. Amantcn (1) and Westonbrink (20) liavc 
shown tliat (lie time of oceurrcncc of the chnr- 
nctcri.stic deficiency symptoms of jiolyncurltis in 
experimental animals is directly dependent upon 
thn amount of deficient food consumed, sucli llmt 
the greater tlic intake of food the quicker the 
disease develops. Famiani (10) has observed the 
same relationship between llio onset of sourv'y and 
the ingestion of a scorbutogenic diet. Similarly, 
tbc greater the consumplioii of a racbilogcnic diet 
the slower is tlic rate of calcification of the bones 
(25), and tlic more milk rats consume the quicker 
will nutriliounl anemia develop (19, 22). Such evi- 
dence indicates that tiic need for tliinmin, ascorbic 
acid, vitamin D, iron and copper, at least, is pro- 
portional to the amount of food energy to be 
metabolized, since, wlicn tbc proportions arc in- 
adequate, tlic respective deficiencies appear in 
the tissuc.s the sooner, tlie greater the rate of 
oxidation of tlic metabolic mixture. The comploto 
withdrawal of food is n cure for deficiency symp- 
toms or alleviates them, while factors that in- 
cre.asc energy metabolism, such ns fever, hyper- 
thyroidism, pregnancy, lactation, and excessive 
muscular work, will precipitate deficiency crises 
that otherwise would remain latent (14). 

The relationship between the content of es- 
sentia! nutrients in a diet and its content of food 
energy to be metabolized is .a reciprocal one, since 
an inadequacy of a given nutrient seems to impair 
the utilization of the food energy bj’ increasing 
the specific dynamic effect of the diet. Such an 
inverse effect hns boon demonstrated for protein 
(12, 20), riboflavin (5), and pliosphorua (21), when 
the stores of these nutrients in the body are de- 
pleted to the extent that they do not effectively 
supplement the inadequate diets in thc.se respects. 

It appears, therefore, that the body’s primary 
need for nutriment is for food energ}', and that its 
need for most of the specific essential nutrients 
is in proportion to the amount of food energy con- 
sumed. This is an important principle in practical 
nutrition, especially in the nourishment of indi- 
viduals with a prior history ol malnutrition under 
conditions of limited food supply. 

The victims of disease and chronic underfeeding 
have been living partly on a restricted diet and to 
some extent on their own bodily supply of fat and 
protein. Their basal metabolic level may be 
lowered 20 to 25 per cent if underfeeding relates to 
energy only, or it m.ay be raised somewhat if 
specific nutrient deficiencies are prominent, judg- 
ing from animal experimentations (15, 16). The 
efficiency in the performance of muscular work 
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may be increased somewhat in uncomplicated 
undernutrition (4). In realimentation, the specific 
dynamic effect of food may be exaggerated if the 
fat depots are rapidly replenished from the food 
supply. The vagueness of these statements indi- 
cates the lack of precise information on energy 
requirements in convalescence and the great need 
for comprehensive research in this field. 

The realimentation of individuals convalescing 
from disease, or injury, or underfeeding would 
seem to be largely a matter of increasing the con- 
sumption of food energy from diets properly 
balanced with respect to protein, minerals and 
vitamins. To the extent that anorexia interferes 
with this plan, advantage may be taken of the 
sensation of thirst by resorting to the giving of 
nutrients in liquid form. In special cases, and 
under proper medical supervision, insulin injec- 
tion may increase a lagging appetite. The use of 
vitamin preparations for this purpose, such as 
liver extracts, has been attended with some suc- 
cess. The success of Jokl and associates (13) in 
the rehabilitation of undernourished men by the 
institution of a regular prescribed system of phys- 
ical exercises, accompanied by adequate nutrition, 
is impressive. Physical exercise, by its appetite- 
stimulating effect, may induce a consumption of 
palatable food in excess of that required to cover 
the increased energy expenditures and sufficient 
to induce an increase in body weight and well 
being. 

In practical life, it is important to shorten the 
period of convalescence so that the patient can- be 
returned as soon as possible to productive work. 
Successful realimentation, with high-caloric and 
well-balanced diets, is an important phase in 
attaining this objective, a phase that can be ac- 
complished more successfully when more is known 
of the energy metabolism and the energy require- 
ments in convalescence from diseases and injuries 
of various types. It is important also to follow the 
progress of convalescence in order to assess the 
success of the measures used in rehabilitation and 


in particular to detect the successful termination 
of the reparative period. Methods of measuring 
the physical fitness of the subject by observing the 
cardiovascular response to not-too-strenuous mus- 
cular exercise are available, and should prove of 
service (cf, Taylor and Brozek in this Symposium). 
When the imposition of considerable muscular 
stress is inadvisable, other methods bearing upon 
energy transformations and efficiency of energy 
expenditures may be applicable. The shift toward 
normal in basal metabolism may be indicative. 
The creatinine output per unit of height or of 
body surface responds both to a shift toward nor- 
mal in basal metabolism and to the reparative 
processes occurring in the muscles. The return 
of muscle tonus to a normal vigor may be revealed 
by picking up and measuring the action potential 
of the muscles at definite points on the body. 
The response of the'cardiovascular system and of 
the intensity of the energy metabolism to changes 
in posture from the recumbent to the sitting or 
the standing position may reveal a return to nor- 
mal health in a decreasing increment of response. 
The vital capacity has proved of value when ap- 
plied repeatedly to the same patient in following 
the progress of pathological disturbances, and 
may be of some aid in manifesting the progress of 
convalescence. 

All of these methods bear more or less directly' 
upon the energy metabolism in convalescence. Dis- 
turbances in energy metabolism induced by dis- 
ease and injury and the consequent bed confine- 
ment lead to an impairment in the voluntary up- 
take of food energy, to a depletion of energy 
reserves and a lowering in basal energy expendi- 
tures, and to muscular weakness and inefficiency. 
Therefore, -in the rehabilitation of the convales- 
cent an item of prime importance with few excep- 
tions is the restoration of the energy metabolism to 
normal levels of performance and efficiency by 
realimentation based upon a knowledge of the 
damage inflicted. 
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PROBLEIi’IS OF NITROGEN METABOLISM 

JOHN P, PETERS 
Falc Unii'crsii;/ 


It has long been rccognir.cd that patients with a 
variety of infectious disc.ascs use protein cxtr.ava- 
gantly. Most early observers (1, 2, 3, 4, 5, 0, 7, S,9) 
agreed that the negative nitrogen balances regu- 
larly observed in these conditions could be alle- 
viated, but not prevented, by large excesses of 
calorics in the form of carbohydrate and fat. This 
gave rise to the general opinion that they were 
obligatory and unprevcntablc, wliich is reflected 
in the term, toxic dcslniclion of protein. Excessive 
losses of nitrogen have been reported in a variety 
of other pathologic conditions: for example, after 
acute hemorrhage (10, 11), operations and injuries 
(12, 13, 14, 15), and in gastrointestinal obstruction 
(16, 17, 18). In many instances these losses can be 
attributed largely to starvation and inadequate 
feeding; in others to infection or to exudation. 

Since protein is an essential constituent of tis- 
sues and cannot be replaced by other materials, 
those tissues from which it is withdrawn must pre- 
sumably suffer some deterioration. The general 
deleterious effects of protein deficiency in diseased 
and injured subjects have been emphasized fre- 
quently (19). That famine edema arose from lack 
of protein in the diet was suggested (20, 21) before 
it was demonstrated by Kohraan (22) , whose obscr- 
'vations have been amply confirmed (23, 24). Its 
relation to low serum protein was first suggested 
bj' Knack and Neumann (20). Since then it has 
been demonstrated abundantly that only the albu- 
min fraction suffers depletion (24, 25, 26, 27). In 
the absence of hemoconcentration, reduction of 
serum albumin is a diagnostic sign of protein defi- 
ciency (25, 26, 27). Because .the variation of albu- 
min in normal serum is so great and because the 
plasma volume tends to contract as the concentra- 
tion of albumin falls (24), there must be consider- 


able depletion of protein before hypoalbuminemia 
becomes con.spiciious. 

Only a small part of the protein actually sacri- 
ficed in protein starvation is derived from the 
plasma. In a dog who received a prolein-frec diet 
for a long period, Weoch et al (24) found that se- 
rum albumin accounted for only 3 per cent of the 
protein lost; 18 per cent came from hemoglobin; 
the great mass, about 80 per cent, was yielded by 
the tissues. This explains the largo amounts of 
protein that are required to replace a serum pro- 
tein deficit (28). 

Studies upon the indisponsabiiily of amino 
acids, begun by Hopkins (29), Osborne and Mendel 
(30) and their associates, culminated in the demon- 
stration by Rose (31) that animals can survive, 
maintain nitrogen equilibrium and grow on diets 
in which all protein must be derived from 10 amino 
acids. Although this has been questioned by AI- 
bancse and Irby (32), it has been confirmed by 
Madden et al (33) and Kinsey and Grant (34). The 
latter attribute the failure of Albanese and Irby 
to the administration of inadequate amounts of 
the 10 essentia! acids. 

For parenteral injection mixtures of pure amino 
acids appear to have distinct advantages over less 
refined products. Madden (33) has shown that they 
can be injected in high concentration with great 
rapidity without provoking untoa-ard reactions, 
and that they are removed from the blood 
promptly and utilized with economy. High prices 
and scarcity, however, prohibit the general use of 
such mixtures for clinical purposes. Hydrolysates 
of natural proteins are available. Hydrolysis by 
the conventional method with sulfuric acid and 
heat has been found to destroy a large proportion 
of certain amino acids, especially tryptophane and 
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cystine (or methionine) (35). This difhculty can be 
eliminated by conducting the hydrolysis with more 
dilute acid, especially if oxygen is excluded (36). 
As yet, however, no satisfactory acid hydrolysates 
are available. A satisfactory enzymatic hydroly- 
sate of casein and pork pancreas is on the market 
(FN).^ Properly prepared solutions of this mate- 
rial can be injected intravenously without induc- 
ing pyrogenic or other untoward reactions (37). It 
has been demonstrated that this preparation, in- 
jected intravenously, is, from the nutritive stand- 
point, an effective substitute for dietary protein 
(37, 38, 39, 40). The hydrolysate can be given 
orally, but is so unpalatable that for this mode of 
administration it has no especial advantages. It 
has been given by tube into the stomach or intes- 
tine in quantities exceeding the equivalent 
amounts of protein that patients could be induced 
to eat (14, 41). It is not certain, however, that 
preformed protein could not have been given in 
equivalent amounts by tube with equally good 
results. 

In early studies the quantities of protein which 
could be given were limited by the appetites of 
patients and by the prevalent doctrine that large 
quantities of protein were injurious to sick per- 
sons. Therefore, although it was ascertained that 
toxic destruction of protein could not be prevented 
entirely by generous quantities of protein with 
large amounts of carbohydrate and fat, it was not 
determined whether the protein losses could be 
replaced by sufHcientlj’^ large quantities of protein. 
The elimination of the old fear of protein and the 
presentation of protein hydrolysates suitable for 
parenteral use has permitted examination of this 
problem. 

It has been shown by Elman (37, 37a)that losses 
of nitrogen usually observed in the first 10 days 
after abdominal operations can be largely or com- 
pletely obviated by the administration of ade- 
quate amounts of protein supplemented by injec- 
tions of protein hydrolysates and glucose. It is 
impossible, however, to determine how far this 
merely prevented the inroads of starvation and 
inadequate food. Cuthbertson (12), Howard (15) 
and others (42) have found that the nitrogen excre- 
tion on the day of a simple operation, despite 
almost complete starvation, is quite low. In the 
succeeding 3 days it rises to a level distinctly 
above that usually encountered in starvation, 
reaching a peak when the patient is taking a maxi- 
mum diet, at which time the nitrogen balance 
remains negative. The duration of this protein 
destruction is, however, short; positive nitrogen 
balance with replacement of lost protein sets in 
early' and the total loss of protein, if the diet is 

' FN: Amigen, manufactured by Mead, Johnson 
and Company. 


adequate, is small. In patients with fractures 
Howard (15) has reported for larger and longer 
negative nitrogen balances that are practically un- 
influenced by raising calories and protein in the 
diet. A group of patients with fractures wasted 
nitrogen for an average of about 36 days, in which 
they lost altogether an average of more than 200 
gm. of nitrogen, equivalent to 1400 gm. of protein, 
or 7 kg. of muscle. This phenomenon had been 
earlier noted by Cuthbertson (12). In certain 
acute infections, especially meningitis, Peters et al 
(42) have observed similar losses persisting for a 
considerable time after the acute phase of the dis- 
ease had subsided. These were not abrogated even 
when, with the aid of parenteral protein hydroly- 
sates, the intake of protein was increased, in one 
instance to 178 gm. per day. In fact the negative 
nitrogen balance was not perceptibly influenced 
by the protein intake. 

Burns represent a special case because they are 
attended by profuse exudation of preformed pro- 
tein from the denuded skin surfaces. Presumably 
this is more or less equivalent to the direct ab- 
straction of protein from the serum. When plasma 
proteins are withdrawn by plasmapheresis it is 
possible to maintain nitrogen equilibrium and to 
prevent or mitigate hypoproteinemia b}" the ad- 
ministration of high grade protein (43, 44), or by 
injections of serum protein (43) amino acids or 
hydrolysates of protein (45). In nephritic patients 
with profuse albuminuria, the protein lost in the 
urine can be replaced, or at least nitrogen equi- 
librium or positive balances can be established, 
without difficulty (46, 47, 48). Reconstitution of 
serum proteins, on the other hand, is an extremely 
slow process. If the albuminuria is extreme, ex- 
ceeding 10 to 15 gm. of protein per day, it is 
difficult, if not impossible to restore the serum 
albumin to normal. It may be that when serum 
albumin is withdrawn at a rapid rate in the pre- 
formed state the specific process by which it is 
manufactured becomes exhausted. Some support 
for this view may be found in the observations 
that the serum albumin of patients with profuse 
proteinuria and extreme hypoalbuminemia con- 
tain less than the usual amount of sulfur (49) and 
have lost their antigenic properties (50). Whether 
losses of preformed protein through other channels 
ever have the same effect has not been ascertained. 

In burns the exudation of protein seldom attains 
comparable magnitude and duration (41, 51). 

In a series of patients with burns Cope et al. (52) 
were able to replace urinary nitrogen losses with- 
out difficulty when diets were taken containing 
moderately large amounts of protein and calories. 
Taylor and associates (53, 54), on the other hand, 
in 9 patients were unable to replace urinary nitro- 
gen with high caloric diets containing 100 to 125 
gm. of protein per day. The}’’ found as much as 45 
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gm. of nitrogen in one day in Iho urine of one 
patient. Neither of tlicso groups measured tho 
nilrogoiV in tlic exudates from llicir jinticnt. 
Co Tui ct al. (-11) produced positive nitrogen 
balances (e.slimalcd from urine and diet) in 3 
severely burned i>alients by giving enormous 
quantities of protein and (irotcin hydrolysates by 
stomach t ube. Their positive balances must nl.so be 
discounted because exudates were only incom- 
pletely analyzed in sporadic periods; but these 
could hardly have- accounted for the large ap- 
parent storage. In one instance weight and .scrum 
albumin deficits did not ri.se until dietary protein 
was increased to 300 and -100 gm. per day, of which 
200 and 250 gm. per day, rc.spcctivcly, were re- 
t.aincd. The .authors imply that these quantities of 
protein were required, but the urinary nitrogen 
figures in none of their cases indicate excessive 
nitrogen catabolism. The largo retentions of pro- 
tein can only mean that the patients had suffered 
antecedent protein depletion ai\d were still 
wasting protein in their exudates. Browne (55)and 
Ilirschfcld (51) and their .associato.s, like Taylor 
and his group (53, 51), wore unable to prevent loss 
of nitrogen in the urine, neglecting the extra dis- 
charge in exudates, in the period immediately 
following severe burns. Supplementary protein 
hydrolysate was altogether wasted (55). In later 
stages, when the patients were greatly under- 
nourished, these burned patients, like Howard’s 
(15) fracture oases and the reviewer’s (•12) subjects 
with acute infections, gradually came into nitro- 
gen equilibrium and finally established positix’C 
balances. In this state, when they suffered renewed 
trauma or developed infections, some of Browne’s 
(55) patients continued to store nitrogen. The 
impression is acquired that a healthy man .sub- 
jected to acute infection or injury suffers protein 
depletion that cannot be prevented by any dietary 
measures thus far discovered. On the other hand, 
the subject who is malnourished and who has al- 
ready been depleted of protein can summon certain 
conservative processes that permit him to utilize 
protein for the reconstruction of tissues. This may 
explain why Shaffer and Coleman (3) obtained 
nitrogen equilibrium during a typhoid relapse in 
a patient who had consistent! 5^ a negative balance 
in earlier stages of the disea.se. It accounts for 
the comparative ease. with which positive balances 
• can be established in pulmonary tuberculosis (56) 
and in chronic infections (42). It may also explain 
the contradictory reports of protein metabolism in 
burns and operations. Success or failure in estab- 
lishing positive nitrogen balances depends on the 
initial state of the subject. The unprecedented 
amounts of nitrogen retained by Co Tui’s burned 
patients (41) and his patients with gastrointestinal 
operations (14) are themselves convincing evi- 
dence of antecedent protein depletion. 


Tlic significance of this accelerated protein 
catabolism after injury is not clear. That absorp- 
tion of protein is iinimi)nircd is alleslcd bj’ in- 
numerable analyses of'stools (1, 2, 3, 7, 16, 42). 
In any case impaired nb.sorplion could not explain 
excessive urinary nitrogen nor failure to utilize 
parenteral hydrolysates. The tradition that in- 
activity leads to atrophy of disuse is supported by 
no objective evidence. The lilcraturo is full of 
records of normal men who have been kept in 
nitrogen equilibrium in bed. Both Howard (15) 
and tho author (42) h.avo records of nitrogen 
equilibrium in preoperative periods of patients 
who bad negative balances after operations. 
Howard (15) found that patients subjected to 
osteotomy wasted less nitrogen for a shorter time 
than those with traumatic fractures, although 
the limbs of both wore equally immobilized and 
apparently atrophied to the same extent. The old 
concept of deposit protein, a moiety of carelessly 
expendable protein that plays a minor role in the 
pbysiologic.al economy, has been imirli discredited 
in recent years. To revive it now is hardly ap- 
propriate since in this catabolic phase of injury 
c.xogenous protein seems to suffer the same degra- 
dation ns endogenous. For the same reason the 
concoplion that the nitrogen losses are only a 
manifestation of dc.siruction of tissue, local or 
general, under the inlluonce of toxins or other 
noxious products is hardly satisfactory. Synthesis 
of protein seems to be in abeyance. Apparently 
perfectly good amino acids and other products are 
no longer used. The duration and the intensity 
of the inhibition appear to vary directly with the 
severity of the injury and to be inversely related 
to the state of nutrition. 

The destruction of protein cannot be attributed 
merely to accelerated energy expenditure or heat 
production, since high caloric diets protect pro- 
tein both in exercise (7) and in hyperthyroidism 
(8, 9, 57, 58). It is not related to the degree of 
febrile reaction. Graham and Poulton (59) found 
that nitrogen catabolism was not augmented by 
artificial fever induced by placing a subject in a 
hot box. Protein wastage was observed during 
recovery from meningococcus meningitis when the 
temperature was not elevated (42, while storage 
was obtained in febrile patients with chronic in- 
fections (42) and pulmonary tuberculosis (56). 

It is conceivhble that the course of protein 
metabolism is distorted after injury, perhaps that 
certain amino acids are diverted from their normal 
paths during the processes of repair. A few avail- 
able analyses indicate that the extra urinary 
nitrogen is chiefly urea (7, S, 12, 55). If the limiting 
factor were a particular amino acid it should be 
possible to break down the barrier to synthesis by 
increasing the, quantity of protein given. Trans- 
fusions of whole blood by Cope (52) did not in- 
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crease urinary nitrogen. In one instance Browne 
(55) found that the protein of plasma infusions 
■was retained, whereas the protein of hydrolysates 
•\yas not. Blood and plasma in these circumstances, 
however, may have been used to replace specific 
deficiencies of blood elements, thereby evading 
the metabolic processes to which other proteins 
and amino acids were subjected. Neither blood nor 
plasma appear to be efficient sources of protein for 
general nutritive purposes, compared with hydro- 
lysates of high class protein, although they 
specifically correct anemias and plasma protein 
deficits. 

Howard (15) has made the curious observation 
that throughout the period of nitrogen loss potas- 
sium is stored. The positive balances are astonish- 
ingly large, in one case over 1300 millimols, equal 
to more than 20 per cent of the potassium in the 
total body fluids of a normal man. 

It has been suggested that certain ketosteroids, 
since they promote protein synthesis, be used to 
combat the nitrogen wastage in disease (60). In- 
creased urinary excretion of ketosteroids has been 
reported after injuries (51,61). It has been claimed 
that testosterone will reduce urinary nitrogen in 
injured persons (60). The evidence is, however, 
conflicting (62). Differences may arise from failure 
to distinguish between the early destructive stage 
and the later anabolic stage. 

It comes as something of a shock to learn that 
the proteins of the healthy person are more vul- 
nerable than those of the wasted individual. It 
suggests that this wastage may be associated with 


the process of repair rather than the destruction 
arising from the initial injury. It may justly be 
inquired whether serious efforts should be made to 
feed large quantities of protein in the early 
catabolic stage of disease or after injury, if it is a 
nutritive futility. A definite answer to this ques- 
tion must wait upon further knowledge. It would, 
how'ever, be unfortunate not to take advantage of, 
the heightened synthetic powers in the subsequent 
reconstructive stage. So long as the point of transi- 
tion cannot be determined by any simple method, 
it seems preferable to risk early extravagance 
which has no obvious deleterious effects, than to 
prolong parsimony into a period in wdiich it may 
delay rehabilitation. Reason may be exercised in 
feeding. Administration of large excess of protein 
(more than 100 to 125 gm. daily) immediately after 
injury is not indicated until some means is found 
to circumvent its immediate destruction; but 
throughout disease to provide generous supplies 
of food with adequate protein will insure against 
prolongation of malnutrition. The destructive 
phase of protein metabolism appears to vary with 
the severity of the injury (12, 15). After simple 
operations, minor traumatic insults or infections 
nitrogen losses may be minimized and restoration 
accelerated by early generous feeding. The 
initially debilitated individual certainly deserves 
vigorous administration of protein and calories 
from the first because his capacity to utilize pro- 
tein for the reconstitution of his tissues does not 
seem to be impaired. 
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BONE METABOLISM 

WALLACE D. ARMSTRONG 
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A r6sum6 of all knowledge of bone inolaboHsm 
which might conceivably have some bearing on 
problems of convalescence, entirely aside from 
its burdensome length, would be difficult to pre- 
pare on account of the numerous disagreements in 
r.he literature. Furthermore, many of the investi- 
gations have given results which are applicable 
only in special and restricted circumstances or 
refer to conditions which can be produced only in 
animals under experimental conditions. If, on the 
other hand, the discussion ivere confined to 
matters of proven clinical usefulness, only a very 
limited set of indefinite recommendations could 
be offered. The only useful function which this 
review can serve is to describe the needs for further 
explorations in this field and to indicate, in some 
cases, the methods bj’ which the information 
might be sought. An attempt will be made to treat 
in some degree the following topics; (a) General 
metabolic consequences of fractures, (b) Factors 


influencing fracture Itealing, and (e) Disuse 
atroph}' of the skeleton. 

Metabolic consequences of fraelwe. In spite of a 
very considerably body of evidence for a contrary 
opinion, the mature skeleton was frequently re- 
garded as being outside the pale of metabolism 
until the studies employing radio-active isotopes 
presented direct proof of the constantly occurring 
exchange of the elements of the bone salt. If the 
metabolic activity of bone is recognized, it follows 
as a natural consequence that the skeleton can 
suffer deleterious effects as a result of changes 
from the normal of those factors which influence 
bone. While the metabolically induced alterations 
of mature bone are, in general, produced at a com- 
paratively slow rate, these changes may become of 
consequence during a prolonged convalescence 
from disease or injury. The fact that bone exhibits 
a metabolic activity has another corollary; 
namely, that trauma or infection primarily affect- 
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ing bone may also induce alterations in the metab- 
olism of extra-skeletal tissues. ■ 

Cuthbertson (1) investigated the disturbances 
of metabolism produced by fractures of the bones 
of the limbs and found an approximate correlation 
of the extent of the heightened metabolism with 
the severity of the lesion. After an initial period of 
depressed function immediately following the 
fracture in which the heat production and body 
temperature were diminished, there occurred a 
period of increased metabolic activity. In the 
latter period, of variable length with individual 
patients but lasting several days, there was an 
increased basal consumption of oxygen and an 
elevation of body temperature. Coincident in on- 
set and paralleling in time the increased oxygen 
consumption, there was a considerably increased 
excretion of urinary nitrogen. The maximum out- 
put of nitrogen usually occurred during the fourth 
to eighth day following the injury and then slowly 
declined. In one case the total loss of nitrogen over 
a ten day period was 137 grams, a quantity which 
was stated to be equivalent to 7.7 per cent of the 
total body nitrogen. Accompanying the increased 
rate of metabolism and augmentation of nitrogen 
excretion was an increased urinary output of 
sulphur, phosphorus, and to a lesser extent, po- 
tassium (2). The excretion of sodium was little 
affected and the creatinuria which developed and 
paralleled the rise in total nitrogen excretion was 
accompanied by little change in creatinine output. 
It was Cuthbertson’s impression that the wasting 
of muscle and bone caused by immobilization of 
the limb was a contributory factor to the height- 
ened catabolic phenomena but not their sole cause 
(2). The fever in itself was not believed to be the 
primary cause of the metabolic disturbances since 
it rarely exceeded 2°C. above normal temperature 
and because cases of pneumonia observed before 
and after the crisis failed to exhibit catabolic 
effects in excess of those noted in severe injuries 
to the limbs. Cuthbertson (2) attempted to in- 
fluence the negative nitrogen balance of fracture 
cases by adding to the basal diet, which contained 
sufficient protein for the nutrition of the normal 
adult, meat extracts (Bovril), amino acids (gly- 
cine and 1-cystine), and proteins (gelatin and 
sodium caseinate). By increasing the daily nitro- 
gen intake to the order of thirty grams through 
the addition of sodium caseinate to a basal diet of 
high caloric value, some reduction in the negative 
balance was observed. However, at the height of 
the catabolic disturbance even these diets failed 
to prevent the loss of body protein. 

Cuthbertson (3) has also investigated the in- 
fluence of massage and passive movements of the 
injured limb on the nitrogen excretion of both 
adult and young fracture patients. Four persons 
aged 34 to 59 years received such treatments ap- 


plied daily for twenty minute periods' beginning 
relatively late in the period of convalescence (18tb 
to 4Cth day following the fracture). The daily 
nitrogen excretion was reduced by 0.55 to 2.62 
grams beginning almost immediately following 
the institution of the physical therapy measures. 
It is not clear what the nitrogen balance of these 
patients was at the time the treatments were 
started. However, in the case of normal uninjured 
adults (4) no such effect, produced by massage, 
on nitrogen excretion was observed. It can, there- 
fore, be presumed that the results obtained by 
Cuthbertson with the fracture cases were in some 
way associated with the metabolic state of these 
individuals or that the phi^sical therapy measures 
influenced nitrogen retention in the injured limb. 
Some indication was also obtained that an in- 
creased retention of sulphur and phosphorus re- 
sulted from massage and pasrive movement of an 
injured limb. These observations indicate the need 
for further investigations, employing complete 
balance studies, of the influence of massage and 
other physical measures on the excessive catab- 
olism of fracture cases. It should also be deter- 
mined how early in the period of convalescence 
these effects can be produced. It is, of course, al- 
ready recognized that physical therapy is a valu- 
able adjunct in the convalescent treatment of 
fractures of long bones and of serious injuries to 
the soft tissues of the limb, since these forms of 
treatment contribute to an earlier and more com- 
plete recovery of function of the injured limb. ' 
However, if it should turn out that an important 
reduction in the catabolic disturbance could be 
effected by massage and that this result is of 
benefit to the patient, added emphasis would be 
directed to the desirability of planning the treat- 
ment of each case so as to allow the earliest pos- 
sible use of the methods of physical medicine. 

There was some suggestion from the relations 
of the quantities of extra output of nitrogen, sul- • 
phur, phosphorus, and potassium in the urine of 
fracture patients that muscle and probably bone 
were being catabolized (1). This point was more 
directly investigated by employing rats which 
were sacrificed ten’ days following an ex- 
perimentally produced comminuted fracture of 
one femur (5). The lesser weight, of the injured 
limb was insufficient to account for the total 
weight loss of the animals and the nitrogen lost 
from the muscles of the injured limbs (calculated 
from the weight lost by the limb and the nitrogen 
content of muscle) was only a small fraction of the 
total nitrogen lost by the entire organism. It thus 
appears that protein tissue other than that in the 
affected extremity contributes to the extra output 
of nitrogen: About four-fifths of the observed'- 
weight loss of the animals, averaging 17 grams, 
could be accounted for by assuming that the excess 


FEDERATION PROCEEDINGS 


203 


nitrogen output wns derived from cntaliolircd 
muscle. The remniuder of llio weigld loslw.ns pre- 
sum.nbly derived from the reservc.s of cnrbohydrnlo 
and fat. Tliese animals were fed a diet whicli was 
ju.st sufRcienl to maintain body weight before the 
injury. When this diet, .supplied to aidmnl.s with 
fractured femora, was .supplemented witli eane 
sugar fed ad libitum, the iidlial body weight wa.s 
almost retained and the animal.s ended the ton 
day period with a .slight gain in nitrogen over that 
lost in the cxcrola. The atrophy of the muscles of 
the injured limb was reduced to .«omo measure but 
a-as not completely prevented by the dietary car- 
bolmlrato supplements. It thus apijears that 
nitrogen may be lost from two general sottrce.s 
during convaloscenco from fracture: (1) A general 
increase in protein catabolism of the tissues ac- 
counting for the major loss of nitrogen, and (2) 
Autolysis at the site of injury andatropliyof the 
uninjured mu.sclcs of tlie fractured limb. The 
authors of the paper under discussion recom- 
mended .as good clinical practice the feeding of the 
maximum possible intake of energy producing 
foods to injured patients ns a means of sparing 
the catabolism of the tissue proteins which would 
otherwise occur. 

Howard and his co-workers have carried out ex- 
tensive balance studies with fracture c.ascs.' These 
observations permit further definition of the ex- 
tent and time relations of the metabolic disturb- 
ances of convalescent fr.acturc patients. Even 
though the collections could not be started for 
three days to one week following the injury, the 
a\-erage amount of nitrogen lost by five patients 
before nitrogen equilibrium was established was 
189 grams. The average duration of the period of 
negative nitrogen balance was 33.0 days and the 
maximum rate of protein catabolism was usually 
observed to occur within the first week following 
injury-. 

Howard’s investigations demonstrated a cata- 
bolic disturbance of fracture patients which was 
not observed by Cuthbertson, namely that aVery 
coiiaiderable negative calcium balance also occurs. 
The urinary calcium excretion rose gradually as 
the rate of nitrogen excretion fell and reached its 
maximum only after the third to fifth week follow- 
ing the injury. This maximum excretion of calcium 
was thereafter maintained for several weeks and 


This work has been described in a preliminary 
fashion in the minutes of the 2d, 3d and 5th meet- 
ings of the Conferences on Metabolic Aspects of 
Convalescence Including Bone and Wound Heal- 
ing sponsored by the Josiah Macy Jr. Foundation. 
These minutes have had only a restricted circula- 
tion and for the present are of the nature of a per- 
sonal communication. Dr. John E. Hon-ard has 
given this writer permission to refer to his work. 


varied between 350 and SOO mg. per day among the 
indiviilunl piitionl.s. Because of tbc niipearauce of 
the charted data, the period of eoimtancy of in- 
crc.ascd calcium output is referred to as the 
"plateau of calcium excretion.’’ Tiie inlUscnce of 
factors whieli might affect enlcium excretion and 
balance was studied in several patients after they 
had been observed to enter the plateau of excre- 
tion of this element. By increasing the calcium 
content of the basal diet from a daily intake of 
250 mg. to .an intake of two grains, several patients 
were pul into a state of positive calcium balance, 
or the negative calcium balance iva.a very much, 
le.a.sciied, 'I'liis saving of calcium to tlic organi.am 
by high intakes of llie element, was sceured with 
only alight increases in urinary c.alciiiin c.xcrction. 
This Iasi observation would appear to indicate 
that the feeding of dici.s high in calcium would 
not contribute to the formation of renal c.alculi in 
patients immobilized for the treatment of frac- 
tures. The effect of high caleivim intakes in con- 
verting the state of negative balance to one of es- 
sential equilibrium was obtained whether the 
calcium was supplied cither in the form of milk 
or calcium lactate. There was no evidence which 
could be secured in these investigations as to 
whether the calcium stored on the high calcium 
intakes contributed iti any way to the bony urnon 
of the fracture. 

Howard has continued liis balance studios fora 
considerable time after nitrogen equilibrium was 
established and has noted that the protein lost dur- 
ing the period of negative nitrogen balance is only 
slowly recovered. Even though the patients in- 
gested no grams of protein in a daily diet of 2800- 
3000 total calories, they recovered, in a period of 
upwards of sixty days, only about thirty grains of 
approximately 200 grams of nitrogen which they 
had lost. 

The metabolic elTects described above are not 
unique to fracture cases as practically all are seen, 
although perhaps modified in degree, in other 
severe traumatic injuries and in many debilitated 
states. The important point of reference is that 
these effects do occur in recovery from skeletal 
injuries. Their influence on the healing process 
and their relation to the general phj-siological 
welfare of the patient have not been assessed. 
Munro and Cuthbertson (6) found that nitrogen 
starved rats did not exhibit an increased nitrogen 
e.xcretion following fracture. These authors were, 
therefore, inclined to the belief that the excessive 
output of nitrogen following injury of a normally 
fed animal arises from storage protein and not 
from essential body tissues. Howard’ has noted, 
in the case of a patient whose protein intake was 
very low, a result verj- similar to that observed 
by Munro and Cuthbertson, Even if the “deposit 
protein’’ is the .source of the excreted nitrogen, a 
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Bupposition which is not entirely proved, there is 
no assurance that the depletion of the more labile 
body proteins is without influence on the welfare of 
the patient. 

Roche and his co-workers have described the- 
osseous sj^stem as acting as a physiological unit. 
In animals a general increase of the phosphatase 
activity of the skeleton was noted after the frac- 
ture of one bone. The corresponding intact bone 
of the opposite side showed the same chemical 
changes of decalcification and recalcification as 
the fractured bone but to a lesser extent (7). 

Fracture healing. A description, differing in some 
major respects from the older concepts, of the 
process of fracture healing in man has been given 
by Urist and Johnson (8). Their material for 
study was the biopsies taken at various times after 
the injury of forty-eight cases of normally healing 
fractures. This process consists essentially of the 
following successive stages: (1) The pro-callus 
which is the organizing hematoma and highly vas- 
cular granulation tissue, (2) The fibrocartilaginous 
callus — a translucent mass of dense fibrous connec- 
tive tissue, fibrocartilage and cartilage derived 
from the undifferentiated connective tissue cells, 
and (3) The bony calhis. The bony callus first 
makes its appearance on the endosteal and sub- 
periosteal surfaces of the fracture ends and ad- 
vances to bridge the fracture gap by replacing the 
fibrocartilaginous callus. 

Utilizing methods which permit, in young or 
rachitic animals, the sectioning for microscopic 
study of undecalcified bone, Urist and McLean 
(9) studied the processes of fracture healing in 
rats. In normally fed animals the bone matrix 
which replaces the fibrocartilaginous callus calci- 
fies as rapidly as it is formed. In rachitic animals, 
as a result of a disturbance of the calcification 
mechanism, the matrix remains uncalcified for a 
time. It is therefore to be emphasized that the 
appearance of what has been referred to as “physi- 
ological osteoid” is a result of sub-optimal condi- 
tions for fracture 'calcification. The healing of 
fractures in rachitic rats is further complicated by 
encapsulation of the callus cartilage in a dense 
mass of fibrous tissue or fibrocartilage which forms 
a barrier to the advance of uncalcified osseous 
tissue. In man, in contrast to normal rats and 
presumably other lower animals, a lag in the calci- 
fication of the matrix is the rule rather than the 
exception. This delay of calcification may be at- 
tributed to a rate of osteogensis greater than the 
rate at which the calcification mechanism can oper- 
ate at the low level of serum phosphate in all indi- 
viduals except infants and very young children. 

When rachitic rats bearing a fracture were 
treated by a single parenteral administration of a 
phosphate solution, prompt calcification of the 
osteoid of the callus was initiated provided the 


interval of time between the fracture and the phos- 
phate treatment was not sufficient for the barrier 
of fibrous tissue to develop about the callus (9). 
In the latter case, a delay of some days in the 
initiation of calcification of the callus cartilage 
occurred even with repeated administrations of 
phosphate. ■ 

These observations are quite clear in demon- 
strating that disturbances and delay of fracture 
healing may result from deficiencies of the calci- 
fication mechanism, and they may have some bear- 
ing on problems of delayed union and non-union 
of fractures in man. It would appear that the logi- 
cal attack on these problems should be begun early 
following the injury in an effort to prevent the 
alterations of callus structure which follow delay 
in calcification. If the more feeble mechanism for 
calcification possessed by the adult human, in 
contrast to that of young children, infants and the 
rat, is in fact due to the lower inorganic phosphate 
of the plasma, an obvious way to correct the de- 
fieiency of the adult would be suggested, namely 
phosphate therapy. Somewhat against the proba- 
bilitj' of success attending phosphate administra- 
tion is another observation of Urist and McLean 
(9). They found that fractures of adult rats which 
had been fed for ten weeks on a rachitogenic dipt 
previous to the injury healed with only a slight 
lag in the calcification of the callus. In these ani- 
mals, minerals mobilized from the skeleton were 
sufficient to provide for bony union at a nor- 
mal rate. 

Since the various forms of the provisional callus 
and its matured form, the calcifiable matrix, are 
composed of proteins it is conceivable that delay 
of fracture healing may be related to quantitative 
or qualitative disturbances of protein anabolism. 
From a clinical viewpoint, the consolidation ol 
the fracture is a valuable criterion for arriving at 
a judgment as to when the fractured bone may be 
returned to function. Some fracture surgeons ex- 
press the opinion that clinical consolidation is ■ 
determined to an important degree by firm soft 
tissue union since roentgenograms frequently fail 
to show demonstrable bony callus when consoli- 
dation is present. Nevertheless, it is probable 
that union can be considered to be present only 
when newly deposited bony callus (compact bone 
and spongiosa) repairs the defect in the shaft (8). 
The similarity of density of the newly deposited 
bony callus and a thick layer of muscle accounts 
for the frequent failure, to visualize the partiallj' 
and newly calcified callus on clinical roent- 
genograms. 

If some recognized or subtle alteration of pro- 
tin metabolism should prevent or delay the scries 
of changes in the soft callus preliminary to the 
development of the matrix, union would be inter- 
fered with to a proportionate degree. While these 
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(actors aliould bo Riven some consideration, it 
appears that very severe inodificntiona of the 
protein stores arc required to interfere willi frac- 
ture liealiiiR. Uiioads and Kasinskas (10) by lower- 
ing and maintaining the plasma protein level of 
dogs to api'roximatcly 4.0 grams per 100 cc by re- 
peated plasmapheresis, produced a definite re- 
tardation in the formation of the bony callus in 
defects in the ulnae. 

The literature of clinical medicine describes 
numerous claims for methods to improve the rale 
of fracture hc.aling by medical methods (as ad- 
juncts to the surgical methods of rcfluction and 
immobilization). However, the great variety of 
circumstances attending fractures and their heal- 
ing in the hum.an, the near impossibility of the 
control of m.any of these factors in patients, ns 
well as the fact that the results must be estimated 
by non-objective means have prevented adequate 
evaluation of any of the proposals for improving 
the medical management of fractures. Certainb' 
it is fair to conclude that the results have not 
been sufficiently impressive to cause any of these 
methods to bo accepted ns of demonstrable value 
in the regimen of fracture therapy in other than 
the exxoptional case. Studies with c.vporimcntal 
animals have likewise not boon fruitful in pro- 
ducing any therapy which accelerates the licaling 
of fractures in normal animals fed an adequate 
diet. No proven correlations of the content of 
serum calcium, inorganic phosphorus, or alkaline 
phosphatase activity with delay in fracture cal- 
cification in the adult human (S) or normally fed 
e.xpcriir.c ital animals have been demonstrated. 
Mention has been made above to the effect that 
the lower normal inorganic phosphorus of the 
plasma of adults may bo related to tlie more feeble 
ability of adults, in contrast to young children 
and rats, to calcify the fracture callus. It may 
be mentioned in this connection that the delay in 
calcification of the matrix in rachitic rats has 
been correlated with the lowered plasma inorganic 
phosphorus (U). 

The fact that nothing of demonstrated worth for 
influencing the healing of the usual fracture has 
been discovered does not prove that this is an im- 
possible task or justify a complacency in the ac- 
ceptance of the belief that a certain time, as de- 
termined from the observation of previous similar 
eases, is required for the union of a given fracture 
of a particular bone. If the period of healing of the 
average fracture case could be reduced by even 
ten per cent a very appreciable saving in the period 
of hospitalization and the benefits of an earlier 
return to function of the injured bone would 
result. 

For reasons mentioned above, it does not appear 
likely that methods for the improvement of frac- 
ture healing can be systematically investigated in 


the humnn. Alllioiigb it migliL appear Hint llicso 
problems could be cn.sily attacked using e.vpori- 
mcnlal animals, a number of difficulties of pro- 
cedure and inlorprclalion of results arc ex- 
perienced. An ncccplablo mclliod for use in tlio 
investigation of factors innucncing fracture heal- 
ing must satisfy at loa.sl tlio following require- 
ments: (a) a uniform lesion must be produced 
among the sovcral animals, and (b) the degree of 
licaling must bo determined by objective melbods. 
Most of ilic studies whicii liavc been reported have 
employed methods which liavc failed to satisfy one 
or both of these requirements. Some consideration 
must be given to wlint is meant by fracture heal- 
ing. An important ciinicnl criterion is sufficient 
consolidation of the fragments to allow use of the 
bone. If it be accepted that consolidation or union 
is conditioned by the degree of calcified tissue 
bridging the fracture defect, a determination of 
the slate of calcification of the callus would furnish 
one quantitative method for defining the state of 
experimental fracture healing. Direct estimations 
of the degree of consolidation have been carried 
out by measuring the resistance of the fractured 
bone to deformation about the fractured site by 
bending, torsion, and tensile forces, and by dp- 
termining the force required to rcfraclurc the 
bone. One group of workers employing these 
methods used the rat fibula (12) which is fused at 
its lower end to the tibia and another group the 
rabbit ulna (13). The rat fibula and one of the two 
forearm bones of other animals are convenient for 
the study of fr.acturc healing since no splints or 
other apparatus are required to hold the fragments 
in apposition and alignment. 

The production of a uniform and reproducible 
fracture defect practically requires that it be 
produced by open operation. Some investigators 
have cut or broken the rat fibula (12), (15) or the 
ulna (13) or radius (14) of other animals or re- 
moved a segment of the ulna (10). Bourne (16) 
drilled a small hole through one corte.x of the rat 
femur and determined the degree of healing by 
estimating the relative area of bone trabeculae in 
sections cut through the healing lesion and pre- 
pared for microscopic examination. 

This writer has used lesions prepared by 
trephining a threc-sixteentii inch hole through the 
entire shaft of the humerus of the dog (17). At 
this operation a biopsy of the bone practically 
equivalent to the entire volume of bony defect is 
obtained. After an arbitrarily chosen period of 
twenty-one days, during which one or another 
experimental regimen is applied, the animals are 
sacrificed. The entire contents of the hole are 
removed with the same instrument as was used in 
the production of the defect. The total quantities 
of calcium, phosphorus and nitrogen are deter- 
mined in the biopsy and in the partially healed 
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bony defect. The degree of healing is described 
in terms of the amounts of each of these three ele- 
ments found in the healing lesion as a fraction of the 
quantities of the same elements in the biopsy. 
A very considerable valuation in the degree of 
healing, as 'denoted by calcification, has been ob- 
served among individual animals fed the same 
diet. However, when this type of experimental 
fracture is produced in each humerus of the same 
dog at one operative session, the degree of healing, 
as defined above, observed in the two bones has 
usually agreed within a much smaller variation 
than is noted among the various animals. It thus 
appears that some systemically operating factor 
is responsible in some measure for the degree of 
calcification of the callus and accounts for the vari- 
ation of the results among individual animals. 
This factor which determines the degree of calci- 
fication is not related to the dietary intake of 
minerals or protein since the animals were fed a 
uniform adequate diet in an amount in proportion 
to their body weight. Furthermore, essentially the 
same results were obtained when the animals were 
fed diets with the calcium present in various states 
of combination or when the diets were practically 
c^pvoid of this element. What results would be ob- 
tained under conditions of other or multiple 
dietary deficiencies, or with healing periods longer 
than twenty-one days, have not been determined. 

Disuse atrophy. Atrophy of bone in the adult is 
manifested by a general wasting of the cancellous 
trabeculae and cortex of the involved bones. The 
volume and size of the bone and its composition 
with respect to the proportions of mineral and or- 
ganic phases are not altered from the normal 
^ (18, 19); bone atrophj'- is in fact osteoporosis, 

j, , The atrophy may be local or generalized and when 
4, generalized may result, among other causes, from 
' inadequate intakes or from faulty absorption of 
calcium and phosphorus, from ammonium chloride 
acidosis, or parathormone injection. Marked de- 
grees of atrophy are difficult to produce in adult 
animals by deficient intakes of calcium. The bones 
of adult rats fed for 220 days on a diet containing 
0.007 per cent calcium and free of vitamin D 
suffered a reduction of only ten per cent in the 
contents of calcium and phosphorus per unit 
volume of bone (19). 

In addition to other causes, atrophy of a part 
of the skeleton occurs as an accompaniment of 
- disuse following paralysis or immobilization of a 
limb. This type of bone atrophy may be marked 
since it is frequently observed on clinical roent- 
genograms and it occurs in bones which, although 
not injured, are immobilized incidental to the 
treatment of a fracture of another bone. Whether 
significant degrees of skeletal atrophy can result 
from prolonged rest in bed or from inactivity due 
to debilitating disease has not been described. 


The cause of disuse atrophy of. the skeleton has 
not been explained, although it is probably a 
condition in which bone formation fails to keep 
pace with bone resorption. In this connection the 
high rate of urinary calcium excretion and nega- 
tive calcium balance of fracture patients observed 
by Howard cl al. may be recalled. This circum- 
stance might be expected to accentuate the degree 
of disuse atrophy produced by immobilization. 

No very great clinical significance has been at- 
tached to ordinary degrees of disuse atrophy. It 
has recently been reported that biopsies of frac- 
tures of ambulatory patients showed about the 
same quantity of uncalcified osteoid as those of 
partially or totally immobilized patients (8). 


Disuse atrophy of the humerus in ike rat 
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grams 

per cent 

A 

Unilateral 
Section 
Nerves 
Brachial 
Plexus — 
Controls 

33 

0.01S9±0.0077 

O.O135±O.00SS 

1 8.75±3.56 

B 

Same as A 
plus or- 
cbidcctomy 

20 

0.0248±0.0081 

O.OlS4±O.Oi)02 

16.96±5.47 

C 

Same as A 
■ plus 5 mg. 
testosterone: 
propionate 
daily 

10 

0.0172±0.0053 

0.0120±0.003S 

8.30±3.1S 


Same as A 
plus 50 
gamma es- 
tradiol 
dipropion- 
ate each 
alternate 
day 

23 

0.00S3±O.0036 

0.00G7±0.0022 

4.2I±1.82 


It was concluded that increased excretion of cal- 
cium, associated with immobilization or atrophy 
of bone, is not responsible for the delay of calci- 
fication of the callus in man. However, these 
ambulatory patients all bore casts so that the 
factor of disuse atrophy was present in at least the 
healing bone. Fractures of rabbits in which 
skeletal atrophy was produced by starvation were 
retarded in healing and the mineral phase which 
was first laid down was later absorbed (20). How- 
ever, in young rats bony atrophy caused by low 
calcium intake was accompanied by essentially 
normal fracture healing (IS). 

A simple and adequate means for the investiga- 
tion of factors influencing disuse atrophy caused 
by paralysis in the mature rat is available (21). 
The nerves of the brachial plexus are sectioned uni- 
laterally in the axilla. After an arbitrarily chosen 
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period of twenty-one days foIlowinR this operation 
the animals arc sacrificed. Tlie dry, fat-free wciglit 
and asli weiglil of ttio iuinicrus of the parnlyr.cd 
arm nrc compared with tlic corresponding figures 
pertaining to the humerus of tlic normal limb. 
It was demonstrated in confirmation of previous 
work (22) that no significant diffcrcncc.s of weight 
or ash content exist between the right and left 


humeri of normal, unoperated rats. Table I pre- 
sents some selected data which have been obtained 
in this study of disuse atrophy. If the not incon- 
ceivable assumption is made that some of the 
factors which affect disuse atroiihy might have 
an influence on fracture healing this method might 
be of use in a search for forms of therapy to ac- 
celerate the latter process. 
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VITAMIN NUTRITION IN CONI^ALESCENCE AND REHABILITATION 
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The Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis, Minnesota 


Diet has always held a prominent place in pro- 
grams for convalescence and it would be expected 
that modern knowledge of the vitamins should 
have important applications in this field. Detailed 
data are not available but-it is certain that vita- 
mins, either prescribed or self-selected, are widely 
used by patients whose primary disease has run 
its course or has been arrested. 

The potential importance of the subject need 
not be gauged by the fact that the current interest 
in vitamins has produced remarkably little ac- 
ceptable evidence for their clinical value except 
in conditions of definite avitaminosis. The present 
discussion is intended to examine the rationale tor 


special attention to vitamins in convalescence and 
to clarify the needs for critical researches. Space 
does not allow discussion of neoplasms, virus in- 
fections, pregnancy and lactation or the special 
problems of infancy and childhood. Only passing 
reference can be made to vitamin deficiency in 
the pathogenesis of disease (132). 

Obviously any convalescence program should 
provide for the immediate correction of any exist- 
ing vitamin deficiencies and ensure that subse- 
quent deficiency does not develop. Frank de- 
ficiencies should be recognized readily. The real 
problems have to do with the recognition of 
deficiency in the complicating presence of other ' 



208 


FEDERATION PROCEEDINGS 


disease, the provision of vitamins which may be 
needed in the repair of disease or injury, the com- 
pensation for defects in metabolism or absorp- 
tion of vitamins, the possible enhancement of re- 
sistance to infection, and provision for possible 
special requirements to allow maximal restoration 
of “fitness” in the patient. 

It is essential at the outset to differentiate be- 
tween the clinical and the scientific problems. 
Practices which are little supported by valid 
scientific data may be justifiable from the view- 
point of clinical conservatism. If there is no ob- 
vious risk or difficulty in administering large 
dosages of vitamins then it may be argued that 
these should be prescribed without proof of their 
utility. Much is made of this reasoning by some 
enthusiasts. On the other hand, the indiscriminate 
advocacy of "shotgun” vitamin supplementation 
discourages discovery of specific needs and may 
defeat its own purpose because of the practical im- 
possibility of applying massive general vitamin 
supplementation to all patients. There is another 
aspect. It is not impossible that high dosages of 
vitamins may produce metabolic alterations 
which are not adapted to the specific repair pro- 
cesses in disease. Thought should be given also to 
the possible acceleration by superabundant vita- 
min supply of degenerative clianges and the sup- 
port of the metabolism of invading micro- 
organisms. 

There is a dangerous tendency to facile reason- 
ing from experience with frank vitamin deficiency 
disease. The common complaints of the convales- 
cent — weakness, anorexia, depression, constipa- 
tion, “nervousness” — have their counterparts in 
one or another avitaminosis but their treatment 
by similar therapy on this ground alone is not 
warranted. 

General furictions of the vitamins. In general, 
vitamins function as essential components of 
enzyme systems or of the physico-chemical archi- 
tecture of living cells. It would bo e.xpected, then, 
that the requirements would be related, respec- 
tively, to the kind and intensity of the metab- 
olism, or to the kind and amount of tissue to be 
maintained or formed. Some members of the B 
complex are known to be involved in energy 
metabolism while vitamins A and D arc more 
specifically related to tissue growth. Accordingly 
it might be suggested that the needs of the con- 
valescent could be estimated for categories of 
vitamins from a consideration of the purely meta- 
bolic needs, on the one hand, and the needs for 
new cell formation on the other. 

Clear differentiation between enzymatic and 
structural functions cannot be established, how- 
ever. The living cell is undoubtedly dependent 
on enzymatic reactions for the maintenance of its 
structure. From chemical considerations it must 


be believed, for example,' that ascorbic acid sig- 
nificantly participates in metabolic reactions but 
its specific place in collagen formation suggests a 
primary structural function. 

The fact that different tissues of the body nor- 
mally exhibit characteristic differences in their 
content and dependence on the several vitamins 
raises several questions. Should the convalescent 
who has suffered damage to particular organs re- 
ceive supplements of the vitamins in proportion 
to their normal concentrations in those organs? 
Or should therapy with specific vitamins be in- 
stituted for lesions involving particular organs 
or functions because these are especially sus- 
ceptible to damage in the absence of those vita- 
mins? It must be realized that the rationale of 
vitamin administration in disease has apparently 
been based on such ideas in many instances. 

There is no acceptable evidence that healing 
and regenerative processes in general are expe- 
dited by large supplies of vitamins except where 
there has been previous definite deficiency. In- 
deed, it is remarkable that only severe states of 
deficiency seem to exert markedly adverse effects 
on such processes. We must conclude at present 
that simple new tissue growth makes no extra- 
ordinary demands for vitamins. 

A distinction between the presumed different 
functional destination of the several vitamins has 
been recognized in recent recommendations for 
vitamin intake, including those of the National 
Research Council (89, 99). The recommended 
intakes of thiamine, riboflavin and niacin arc 
roughly in proportion to estimated metabolism, 
whereas those of vitamin A and ascorbic acid arb 
related more to body size, i.e., to the mass of 
living tissue. There are no authoritative recom- 
mendations for vitamin intakes in convalescence. 

General bases for vitamin administration. The ' 
evaluation of the vitamin nutritional status in , 
the individual is fraught with difficulty. Labora- 
tory analytical methods, except for ascorbic acid 
and vitamin K (prothrombin time), are too cum- 
bersome for routine applic.ation at present and in 
many cases the interpretation of results is still 
debatable (130) (80) (53). Special examination and 
test measures in general have not fulfilled early 
hopes. We may mention dark adaptation for vita- 
min A, corneal microscopy for riboflavin and 
capillary fragility for ascorbic acid. These meth- 
ods are not reliable for detecting mild or early 
deficiency though they are useful on occasion. 

Careful examination for clinical signs of de- 
ficiency should be applied to all convalescents. 
The nutritional history, including evidence of poor 
absorption, should be reconstructed as accurately 
as possible. The presence or a history of jaundice, 
biliary drainage or acholic stools suggest probable 
poor absorption of the fat-soluble vitamins. Severe 
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diarrhea may cause alterations of vitamin syn- 
thesis by bacteria in the intestine as well as seri- 
ously reduce intestinal absorption of all of the 
vitamins. Vitamin supplementation is indicated 
when any of these conditions is associated with 
susgeslions of deficiency from Laboratory or clini- 
cal findings. 

Trc.atmcnt of intestinal infections with sulfa- 
guanidinc and similar drugs m.ay result in vitamin 
deficiency owing to interference with intestinal 
synthesis; the effect on biotin may be particularlj' 
marked (07). Other drugs may affect the nct.supply 
or metabolism of vitamins. Tlic action of sal- 
icyl.ates may not be an isolated instance. Sal- 
icylates increase the urinary c.vcretion of ascorbic 
acid (lOG) and of thiamine (21), but it is probably 
more import.ant that they interfere with the for- 
mation of prothrombin from vitamin K (OS). This 
action of salicylates is potentially important 
because of their extensive use in diseases cliar- 
acterired by a long course or slow convalescence 
such ns rheumatic fever, arthritis, malaria, 
and gout. 

Few generalizations may bo made about the 
effects of fever, infection or simple inanition. In- 
fection even without fever orgastro-intestinal dis- 
order, may greatly diminish the absorption of vita- 
min A and carotene (113). Effects of fever on 
vitamin A, thiamine and especially ascorbic acid 
are inferred from analyses of blood and excreta but 
the full signifioanee of the alterations is not clear. 
There are bold assumptions in calculations that 
fevermay destroy 100 mg. or more of ascorbic acid 
daily (37). Simple inanition alone does not seem 
to produce vitamin deficiency but little is known 
about the vitamin requirements for subsequent 
rebuilding of the tissues. 

It should bo obvious that, in general, the pre- 
scription of vitamins for convalescents at present 
must be largely dependent upon informed clinical 
judgment. Conservatism here consists in supply- 
ing vitamins in case of doubt, though we agree 
with Stare (115) that there is at present no rational 
basis for “overdose” therapj’. The special needs 
for vitamins during and after particular diseases^ 
or injury remain to be discovered. Some con- 
siderations applying to the individual vitamins 
follow. 

Fftomtn 4. Vitamin A is of interest in convales- 
cence.because of its role in tissue growth, its sug- 
gested importance in infection, the claims for 
its special benefit in certain chronic conditions and 
especially because of the frequency of its ineffi- 
cient absorption. Like the other vitamins it has 
received infinite but unwarranted praise for pro- 
phylaxis and therapy (23) (10) (18) (17). 

The body reserves of vitamin A, chiefly in the 
liver, are ordinarily large. Extreme dietary de- 
ficiency is usually inconsequential for months in 


normnis if the previous diet has boon good (IIG) 
(123). Ilowovcr, a long course of disease and con- 
valescence may result in deficiency which is cor- 
respondingly slow to corrcci,. While it is important 
to maintain a good dietary intake, the greatest 
danger in convalcsocncc seems to bo poor absorp- 
tion, particularly of carotene. Los.soa in the urine 
occur rarely in some diseases but these arc never 
largo (CG). 

Deficiency of vitamin A is very common in livcr- 
disoa.so and jaundice but bile salts are not im- 
portant for the absorption of vitamin A though 
carotene may bo more affected (05) (17). The low 
level of vitamin A in hepatitis and hepatic in- 
sufficiency is related primarily to faulty liver 
metabolism — impaired conversion of carotene to 
vitamin A (43), impounding vitamin A in areas of 
'degeneration (DC) or destruction by the de- 
ranged liver. 

The fat solubility of vitamin A and carotene in- 
fluences their absorption, which seems to involve 
association with fatty acids in the intestinal wall. 
Low-fat diets may hinder .absorption but there are 
discrepancies in the evidence (87) (104). Lecithin 
improves x’itamin A ab.sorption even in colitis pa- 
tients (4). Mineral oil interferes with the absorp- 
tion of carotene by carrying it through the tract 
in physical solution. Diarrheas of all types, par- 
ticularly steatorrhea, promote the loss of vitamin 
A and carotene in the feces. Vitamin A doGciency 
is not uncommon in these conditions (41). 

The effect of vitamin A in relation to infection 
appears to have been overemphasized. Large 
dosages of vitamin A have little or no value in 
acute infection (21) (22) (110) and vitamin A sup- 
plementation to normals seems to have no effect 
on susceptibility to upper respiratory infections 
(111) (25). Important immunological reactions 
are not influenced by moderate degrees of vitamin 
A deficiency (39). Lowered resistance to infections 
occurs during and perhaps after severe vitamin A 
deficiency (12), but this may be related to second- 
ary morphological changes; in any case concurrent 
nutritional deficiencies have not been ruled out. 
The level of vitamin A in liver and other tissues is 
very low in septic deaths (SD) and the blood level 
promptly falls in infections in general (23). The 
cause of these effects is not clear but poor absorp- 
tion does not explain the changes in acute 
conditions. 

In tuberculosis the level of vitamin A in blood 
and tissues is low and relatively unresponsive to 
large doses of the vitamin (IS). The fact that tu- 
bercular patients with pronounced gastro-in- 
testinal B 3 TOptoms exhibit the lowest levels sug- 
gests faulty absorption but general differences in 
the extent and severitj' of the infection may be 
responsible (73). 

The occurrence of central nervous system 
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are less resistant to infection (93). A more im- 
portant question is whether a "subclinical” de- 
ficiency will predispose the individual to disease. 
The prominent role that inanition plays was 
stressed by Rose and his coworkers (101, 102). 
They found that when the food intakes of the 
vitamin supplemented and the deficient animals 
were controlled, a deficiency of the B complex in 
rats produced very little change in resistance to 
Staphylococcus aureus or to B. welchi toxin. 

Riboflavin. The estimation of the nutritional 
status of man with regard to riboflavin is even 
more controversial than with regard to thiamine. 
We believe the N.R.C. recommendations for 
riboflavin intake greatly overestimate the normal 
requirement for this vitamin (61). It is generally 
believed that riboflavin has an important role in 
muscular metabolism yet fatigue or weakness are 
not common symptoms of riboflavin deficiency. 

Low urinary excretion of riboflavin has been 
considered the earliest diagnostic indicator of 
an incipient deficiency of this vitamin. Large doses 
of thyro.xin increase the riboflavin excretion of 
rats (118) but the actual requirement for this 
vitamin does not seem to be affected (33). The 
injection of even moderate doses of thiamine into 
humans seems to increase temporarily the excre- 
tion of riboflavin (63). 

Cheilosis and cheilitis are not specifically diag- 
nostic of ariboflavinosis. Therapy with other 
vitamins, notably pyridoxine and niacin has pro- 
duced satisfactory results (71). Many reports have 
not considered the fact that “cheilitis can result 
from sensitivity to dental plates, lipstick, chew- 
ing gum, toothpaste, mouthwashes, cigarette 
holders, throat lozenges, the reed used in the 
mouthpiece of a musical instrument, or to other 
agents, including even exposure to the sun” (90). 

It has been suggested that exposure of the eyes 
to glare and bright light increases the need for 
riboflavin (94) (120) yet controlled experiments 
seem to be negative. The possibility of rihoflavin 
deficieney must be considered in all cases of 
chronic nonspecific ocular complaints but such 
symptoms as ocular fatigue, mydriasis, photo- 
phobia and lacrimation are even less diagnostic 
than corneal vascularization. 

There is a report that drugs such as atabrin 
increase the requirement of rats for riboflavin (47). 
Mice on a riboflavin deficient ration show in- 
creased susceptibilities to infection with pneumo- 
coccus Type I (129). 

Niacin {nicotinic acid). The frequency of 
pellagra would suggest that niacin deficiency may . 
often complicate convalescence in some regions. 
The normal requirement of man for niacin is still 
very uncertain and little is known about factors 
which may influence this requirement. This state 
of affairs is likely to persist until better methods 


are developed for evaluating the status of niacin 
nutrition. We cannot agree that the measurement 
of the Fs fluorescence in the urine is very 
useful (81). 

Some experiments with dogs indicate that the 
general type of the diet may influence niacin needs 
(44). The frequent association of malaria with 
pellagra (9) suggests this disease may affect the 
niacin requirement but the explanation may be a 
coincident geographical distribution of the two 
conditions. It is quite possible that the niacin re- 
quirement of man is increased as it is in dogs by 
sulfonamides, especially sulfapyridine (125). 

The dramatic response of mental symptoms to 
niacin in pellagrins led to the use of this vitamin 
in many cases of mental disease, especially 
paranoia. It is possible that only niacin-deficient 
persons are benefited. The claims for niacin 
therapy for unexplained encephalopathy in al- 
coholics and in the aged (68) cannot yet be 
appraised. 

Both tropical and non-tropical sprue are ap- 
parently benefited by niacin but complete 
recovery requires in addition liver extract paren- 
terally (72). Further work is required to show 
whether the diarrhea alone causes an increased 
need for niacin or whether there is a more funda- 
mental disturbance of metabolism. 

Other members of the B complex. A deficiency of 
pyridoxin in experimental animals is associated 
with a microcytic, hypochromic anemia and fits of 
an epileptiform nature. The latter finding was 
partly responsible for the attempts to cure Parkin- 
son’s disease, pseudohypertrophic muscular 
dystrophies and other similar conditions (5). 
Early work indicated favorable responses to large 
amounts of pyrido.xin but more recent reports are 
much less sanguine (42). The best evidence in inan 
indicates that most cases of hypochromic anemia 
are not benefited by large amounts of good sources , 
of the B complex (85). 

Choline is necessary for the maintenance of 
normal liver and kidney function in animals main- 
tained on purified rations. The requirement for 
choline is modified by such dietary factors as 
methionine, cystine, protein and possibly others. 
Although a choline deficiency has been associated 
most prominently with fatty livers, experimental 
work indicates that this compound is ineffective 
in curing fatty livers produced by such substances . 
as phosphorous and chloroform (11). The favorable 
effect of choline in portal cirrhosis of the liver is 
reported (16) (103). It is too early to fully evaluate 
the importance of this type of therapy. 

Ascorbic acid. Classical scurvy is associated with 
retarded wound healing, increased bleeding ten- 
dency and decreased resistance to disease — all of 
which are of importance in convalescence. How- 
ever a linear relation between vitamin C intake 
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and these factors cannot be assumed to extend 
into the snbclinieal and "normal” levels. More- 
over chissical scurvy probably involve.s additional 
dcficicncic.s besides ascorbic acid (2S, 9S, •10). 

Little ia known about the effect of diet on 
ascorbic acid rciiuiremenls. Claims for an in- 
creased requirement at high temperatures and loss 
of ascorbic acid in sweat have not been substanti- 
ated (S2, -IS, lOS). 

Shortly after vitamin C w.as discovered, many 
attempts were made to show a relation between 
the blood components associated with resistance 
and the intake of vitamin C. This work showed 
that even in severe deficiency there was no change 
in the complement, bactcriolysins or their similar 
factors in the blood (93). Eckcr and associates (3't) 
stated that the complement level ns determined 
by a more sensitive test was directly proportional 
to the plasma vitamin C level. All of the recent 
evidence indicates no relation between these two 
substances (114, 39). 

The ability of extra vitamin C to increase overall 
'resistance is being studied in England. Dur- 
ing the war, the English receive in their diet an 
average of 25 mg. vitamin C per day. The addi- 
tion of another 25 or 50 mg, of vitamin C to the 
diet in controlled experiments has shown little 
if any decrease in the number of days the subjects 
are absent from school or work because of illness 
(55), Those and other experiments (25) show that 
if humans receive a moderately normal amount of 
ascorbic acid, no greater resistance against disease 
will accrue to them by consuming excessive 
amounts of vitamins. The surveys on the plasma 
vitamin C level during the year show that the 
lowest levels occur in April or May (74). If' it is 
assumed that the plasma level is an approximate 
indicator of the body stores of vitamin C, then the 
period of- greatest depletion occurs later in the 
year than the greatest incidence of upper respira- 
tory infection (December and January). 

Fever in infection apparently elevates the re- 
quirement for vitamin C as indicated by a rapid 
fall in the plasma level (128) ; the simple increase 
of body temperature has no influence on either the 
plasma level or the excretion (91, 133). On the 
basis of rough balance studies Falko (37) calcu- 
lated his febrile patients needed an extra hundred 
mg, of ascorbic acid daily. Intakes in excess of this 
amount do not appear to hasten recovery from 
febrile disease (2, 39). 

In very severe scurvy there is practically no 
wound healing. Mild vitamin C deficiency in 
guinea pigs just maintaining weight produces 
mechanically weak scars after operation (8) and 
disturbances in traumatized muscles (64). Clinical 
evidence indicates vitamin C is important but 
certainly is not the only factor in proper wound 
healing; body stores of protein must be considered 


(•IG). The depletion of vitamin C reserves associ- 
ated with , surgery is not yet satisfactorily 
explained. Hunt (54) suggests that all patients 
receive 1000 mg. of ascorbic acid daily for three 
days before operation and 100 mg. daily thereafter. 
Divided doses should be used and the sodium salt 
may be given intravenously if there is any possi- 
bility of poor absorption. 

Many types of gastro-inlcstinal disturbances 
may interfere with the absoriilion of vitamin C. 
In diarrhea produced by magnc.sium sulfate the 
excretion of ascorbic acid in the feces may be 
markedly increased and the plasma level may fall 
(3). If this action of magnesium sulfate can be 
confirmed, it indicates that vitamin C is more 
readily “washed out” of the body than arc the 
members of the B complex (30). Certain types of 
intestinal bacteria destroy vitamin C. Under cer- 
tain circumstances this may make it necessary 
to give the vitamin intravenously (131). The 
Sippy diet and other bland diets used for gastro- 
intestinal disturbances arc frequently composed of 
foods low in vitamin C. The addition of a vitamin 
concentrate is usually indicated in these cases. 

Since changes in the gums arc such a prominent 
feature of vitamin C defioionoy, many attempts 
have been made to cure all types of gingivitis by 
means of vitamin therapy. However local treat- 
ment alone is usually sufficient to clear up the 
trouble (70, 75) and the diagnosis of ascorbic acid 
deficiency from gingivitis is unwarranted without 
other evidence. 

There arc some indications that certain drugs 
containing arsenic, antimony or gold may produce 
an excessive destruction of vitamin C in the body 
(38). The treatment of anemia with ferrous sulfate 
may also require the use of larger amounts of 
vitamin C (38). So far there have been no con- 
trolled experiments on the use of vitamin C as a 
detoxifying agent in the case of lead poisoning 
(52) or ns a cure for allergy (51) or as an adjunct 
in the depigmentation of patients with Addison’s 
disease (56). 

Vitamin D. The requirement for vitamin D by 
adults is unknown both for normal maintenance 
and for fracture healing (6). It is likely that any 
good convalescence program will provide adequate 
amounts of this vitamin in most cases. The diag- 
nosis of vitamin D deficiency in adults is difficult 
in the absence of tetany or definite signs of osteo- 
malacia. Positive laboratory evidence at present 
demands the elaboration of calcium balance 
studies. 

Osteoporosis may occur as a result of steatorrhea 
but the mechanism is uncertain (13). In any case 
large doses of vitamin D seem to be beneficial in 
nutritional as well as in war osteomalacia (49, 
109) . There is evidence that increased calcification . 
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generally can be induced even in elderly people by 
high intakes of calcium and vitamin D (79). 

Vitamin D in very large doses has been advo- 
cated for a wide range of chronic or intractable 
conditions from arthritis to psoriasis (92, 17). 
The controversial nature of reports does not war- 
rant discussion here. Presumably the vitamin has 
pharmacological effects beyond its ordinary vita- 
min activity. 

Vitamin K. The value of vitamin K is well estab- 
lished in many conditions of hypoprothrom- 
binemia (18, 17, 29). It is unnecessary to discuss 
here the problem of the newborn or the rare 
possibilitj’’ of simple dietary deficiency of the 
vitamin. Prothrombin deficiency in adults most 
frequently results from faulty intestinal absorp- 
tion of vitamin K or from primary liver disease. 
Either or both of these conditions may be com- 
plicating factors in convalescence. 

Hypoprothrombinemia and the resulting bleed- 
ing tendency are readily shown by measurement of 
the blood prothrombin level but the amenability 
to therapy is dependent on the cause of the condi- 
tion. Prothrombin deficiency resulting from 
primary damage to the liver is ordinarily not re- 
sponsive to vitamin K therapy. However, the 
boundary is not clear between refractory hepatic 
conditions and those which respond to therapy. 


For example, little is known on this question in 
residual liver damage after malaria and chemo- 
therapy. 

Vitamin K is less readily absorbed from the in- 
testine than most other vitamins and deficiency 
may result from lack of bile in the intestine and 
from any severe diarrhea or steatorrhea (18). The 
latter conditions are important in ulcerative 
colitis and sprue and probably also in amebic and 
chronic bacillary dysentery. The increased fre- 
quency of these latter dysenteries incidental to 
w'ar indicates the need for study of vitamin K and 
prothrombin relations in those conditions. 

It is now common to attempt to correct vitamin 
K dcficiencj^ in surgical patients with biliary or 
hepatic disease or with e.xtensive short-circuiting 
operations on the intestines. The possibility that 
unrecognized spontaneous bleeding or frank 
hemorrhage may occur to delay convalescence 
would make it desirable to consider these ques- 
tions in convalescents who may have faulty 
absorption of vitamin, K from any of the causes 
mentioned. Even though it is suspected that a 
demonstrated hypoprothrombinemia is due to 
primary liver disease vitamin K therapy should be 
tried. Failure of such therapy is in itself a useful 
diagnostic acid. 
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EVALUATION OF FITNESS 

HENRY LONGSTREET TAYLOR and JOSEF BROZEK 
The Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis 


One of the goals of rehabilitation therapy is to 
return the patient to his work in good condition. 
Measures instituted during convalescence to more 
rapidly achieve this goal must be assessed by ob- 
jective criteria. The physiologist and the psy- 
chologist can provide tools which will give some 
objective evidence of the returning fitness of the 
convalescent. 

The term “fitness” is generally used to cover two 
distinct fields. One deals with estimation of oc- 
cupational work capacity, the other has for its 
goal the assessment of the ability to withstand 
physical and biological stresses. These fields over- 
lap and ai-e frequently confused. Tests of cardio- 
vascular, respiratory and metabolic processes, 
motor performance, sensory and intellective func- 
tions, and emotional state will be reviewed to 
give a rounded picture of fitness of a general char- 
acter which is not closely related to a specific 
occupation. Particular emphasis has been laid on 
the limitations of these procedures and on valid 
experimental design. 

All fitness tests are extremely non-specific and 
should always be interpreted in the light of clinical 
findings. No attempt has been made to review the 
problem with reference to particular disease en- 
tities; cardiovascular and respiratory tests have 
been evaluated from the clinical point of view by 
Simonson and Enzer (1). 

The problem of standardization. The great ma- 
jority of fitness tests, whether physiological or 
ps 3 ’’chological, appear to be extremelj’’ simple. 
However, the functions measured are subject to a 


great variety of influences and it is necessary to 
apply the most rigid control of environmental, 
physiological and psychological conditions under 
which a measurement is carried out. It cannot be 
stressed too highly that pre-test exercise, time 
relation to meals, psychological “atmosphere,” 
and environmental temperature and humiditj' 
must be kept as constant as possible. 

Psychological factors are of importance in many 
fitness tests. All psychomotor and maximal exer- 
tion tests (2, 3) have as a prerequisite the optimal 
motivation of the subject. Control of emotional 
factors is imperative in pulse rate tests — such as 
postural adjustment (4), the Schneider test (S-A) 
and the Masters’ test (5) — in which the stress 
placed on circulation is low. 

In laboratory work an attempt is usually made 
to bring the individual subjects to a practice 
plateau before thej’’ are exposed to the experi- 
mental regime. Under these conditions we cafi 
work with a smaller number of. subjects, each 
serving as his own control. Under clinical condi- 
tions we do not have a “normal baseline” char- 
acterizing the patient in the state of health; the 
degree of returning fitness must be judged by 
reference to adequate norms. These may be de- 
veloped oitherT) for the general population (tak- 
ing into account the improvement on repeated 
measurement due to the specific elTccts of practice) 
or 2) for a relatively homogeneous sample of 
patients. 

The importance of controlling environmental 
temperature and humiditj’ for any test which in- 
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volvcs the measurement of cardiovascular 
variables has not been duly rccoRnir.cd until re- 
cently (6). For example, several serious attempts 
have been made to set up norms for tests depend- 
ing in a largo measure on ))ulsc rate and blood 
pressure measurements (5, 7, S, t>). In no case haa 
an adequate correction for temperature or hu- 
midity been included. Tlic evidence is o-ver- 
n-helming that differences in temperature influence 
these scores (10, 11, 12). The use of air conditioned 
testing rooms has eliminated this difficulty in the 
Labor.atory of Physiological Hygiene, 
Cardiovascttlar and respiratory tests. The cardio- 
vascular and respiratory sy-stems arc usually 
tested under stress. Basal ]iulsc rate and blood 
pressure measurements arc of value otdy when the 
emotional situation is properly controlled, i.c., 
when the patient is accustomed to his surround- 
ings and the observer, and docs not attach im- 
portance to the measurement or to subsequent 
events (13). The two types of stresses moat fre- 
quently employed arc change of posture and per- 
formance of physical work. 

For. general testing where specific occupational 
requirements are not being considered, the work 
should require as little skill and coordinated use 
of local muscle groups as possible. Of the four tasks 
most commonly used, riding the bicycle orgomolcr 
• is probably the least satisfactory due to large skill 
increments. Both stair and step climbing, although 
involving some degree of skill, are well adapted to 
work in the field or clinic where more elaborate 
methods are not applicable. For repeated observa- 
tions over a period of time, grade walking or run- 
ning on the motor-driven treadmill appears to be 
the most desirable work load since 1) skill is 
rapidly acquired, 2) the true work efficiency re- 
mains remarkably constant after subjects have 
learned the “trick,” and 3) the work output for 
each subject is constant. 

The heart rate after a standard amount of work 
is probably the most useful single criterion of fit- 
ness in the study of convalescence. It has been 
shown that the pulse rate recovery curve can be 
satisfactorily reconstructed from three measure- 
ments (2). In developing a test which might have 
some general use in convalescence the investi- 
gator is faced with a dilemma. While it is desirable 
to use heavy work lo.ads to obtain a good dilTer- 
entiation of degrees of fitness and to eliminate or 
minimize emotional effects, heavy work loads may 
injure the patient and delay recovery. The use of 
post-exercise pulse rates of 130 to 150 per minute 
. (during the first IS seconds of recovery) will do 
much to eliminate emotional factors and at the 
, same time give a satisfactory estimate of hardio- 
■ vascular fitness without too much danger of in- 
juring the patient. The establishment of minimum 
work pulse rate X'alues which are not influenced 


by cmotionnl effects (such as arc pre.scnt in a ■ 
medical exmnination) is one of the critical prob- . 
lems in the field of cardiovascular fitness. 

For postural adjustment studie.s the tilt table 
will provide the mo.st reproducible stress. Postural 
adjustment tests citlicr with or without a tilt, 
table might be expected to give some useful in- 
formation since evidence of poor circulator)' re-, 
spouse to po.slurnl changes i.s common in the early 
stages of convalescence. Poor postural adjustment 
has been found to be associated with certain dis- 
eases (M) and ns the result of surgery on the auto- ■ 
nomic nervous system (15). In the morning the ■ 
postural adjustment score may show progressive 
deterioration, while it may indicate progressive 
improvement in tlio afternoon (11, 15). Response, 
to postural adjustment is not closely related to, 
ability to perform exhausting work (13). Caution, 
should always be excrciRcd in interpreting the 
results of these tests. 

In any battery of tests for use in clinics the, 
Flackdcst (17) or one of its modifications should 
not bo ignored. It has been shown to differentiate, 
well between active men and convalescent patients 
(9, 17), and significant improvements have been 
recorded after a period of physical training. The, 
high dependence of this test on the willingness of 
the subject to exert himself may yield useful, 
information. 

Hard work tests should give information on the 
status of the patient on discharge or, on the 
progress of a training program to put men in top 
physical condition. In precise laboratory investi- 
gations fitnc.s.s estimates may be obtained either 
by using a fixed run on a motor-driven treadmill 
which represents work near the limit of a subject’s, 
capacity or by allowing the .subject to run to ex- 
haustion within 3 to 5 minute.s. Measurement of , 
the maximal pulse rate, maximal oxygen consump- 
tion and respiratory efficiency during work, and 
determination of pulse rate, blood lactate and 
respiratory efficiency during recovery will provide 
the basic criteria. The pulse rate during recovery 
from a fixed task is an index of fitne.ss while if the. 
subject is allowed to ruji to exhaustion the re- 
covery pulse will not reflect changes in the sub- 
ject’s condition (IS). After a fixed work period, 
the lower the lactate (taken at a constant time 
after work) the better the condition of the subject; 
the reverse is true if the subject continues to run 
to exhaustion (19). The measurement of maximal 
oxygen consumption is, on theoretical grounds 
(20, 21), the best available test of the over-all 
function of the combined respiratory-cardiovascu- 
lar system. It is a relatively constant char- 
acteristic of a subject and when changes are 
observed they indicate a more fundamental de- 
terioration or improvement than changes in such 
variables as the pulse rate. The respiratory. 
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efficiency either during work or recovery serves as 
a standardized index of ventilation and is related 
to the degree of “exhaustion” (22, 23) of the sub- 
ject, but has the disadvantage that artefacts 
due to improper masks, etc., occur easily. The 
measurements of the maximal pulse and oxygen 
transport during an exhausting work test are 
independent of the skill of the subject. Blood 
lactate measured under the same conditions is de- 
pendent on motivation but independent of skill. 

The use of a fixed task has the advantage that all 
the measurements are independent of motivation. 
The recovery pulse rate is a more sensitive index 
of fitness than the maximal pulse rate during work 
and does not require elaborate methods for meas- 
urement. Proper choice of length of time for the 
standard work is necessary for measurement of 
maximal pulse and oxygen consumption. The use 
of this method is open to two objections: 1) the 
measurements reflect any increase in skill in 
running that subjects may acquire by repeated 
testing, and 2) a number of different work loads 
must be used to cover a wide range of physical 
capacities. 

The adoption of uniform procedures chosen on a 
rational basis would be a real advance and would 
allow the establishment of norms and interlabora- 
tory comparison of data. 

Many investigators have used the measurement 
of the working time to exhaustion as the principal 
criterion of fitness (2, 3, 6). This fitness estimate 
has been combined with pulse rate measurements 
during recovery (2). The use of a double work 
period has served to reduce the intra-individual 
variability on successive measurements (3). When 
the subject cooperates, these tests give valid in- 
formation and correlate well with other measure- 
ments of fitness for physical exertion. For ex- 
ample, studies in this Laboratory have shown that 
the score in the treadmill version of the Fatigue 
Laboratory Test (2) gives high correlations with 
blood lactates and pulse rates during recovery 
from a fixed anerobic work test. In situations 
where the effectiveness of a given regimen is to be 
studied, this type of test gives valid information if 
the following conditions are fulfilled; (1) the use 
of sufficient numbers of subjects to rule out un- 
controlled variations in motivation, and (2) the 
use of inter-group controls to rule out errors in- 
herent in group behavior (suggestion and imi- 
tation). These methods are ideally adapted for use 
with large number of subjects. Repeated testing 
will lead to sizeable improvements in score due to 
increase in skill, a fact which demands inclusion 
of controls. In military convalescence these tests 
should prove of real value in determining whether 
or not a man is fit to return to duty. Suitable 
standards of post-exercise pulse rates can be set 
up to screen out men who do not co-operate. 


' Metabolic measurements of fitness. No constituent 
of the resting blood is closely correlated with 
fitness for muscular e.vertion. The utility of lactate 
measurements during or after work for assessing 
fitness for muscular exertion has been discussed. 
Advances in this aspect of fitness may come from 
study of the nevver compounds of the Meyerhof 
cycle together with blood lactate and pyruvate. 

The vitamin concentrations in blood or urine 
are regularly used for nutritional assessment (25) 
but it is too early to make any statements on the 
precise relationship of these constituents to fit- 
ness. Work in this Laboratory suggests that these 
relationships are not very direct. 

Metabolic load tests give useful information in 
some situations. The study of pyruvate coneentra- 
tions during a glucose tolerance test will give 
evidence of thiamine deficiency (25). 

It is well recognized that adrenal cortex re- 
sponds to stress placed on the organism and it is 
also well known that adrenalectomized animals 
are less resistant to a great variety of biological 
stresses (26). The fact that 17-keto steroids reflect 
adrenal cortical activit}’’ (27) suggests the possi- 
bility that the concentration of these compounds 
in the urine will reflect the stress placed on the 
organism and may be used as a criterion of fit- 
ness. It has been shown that a high positive cor- 
relation exists between 17-keto steroid excretion 
and fatigue states in flyers (28). Previous experi- 
mental work (29) has indicated that little ad- 
vantage in work performance can be obtained by 
administering hormones of the adrenal cortex to 
men in good condition. The possibilitj'- that these 
hormones may be an aid in more rapidly attaining 
a state of physical training should be investigated. 

Motor performance. The fundamental aspects of 
voluntary motor behavior can be classified as (1) 
maintenance of static position (body sway), (2) 
gross body movement (locomotion), and (3) 
manipulative components (strength, speed, co- 
ordination of movements carried out by specific 
muscle groups). When the performance is of short 
duration and the tests are carried out with the 
subject fresh and well motivated the Score repre- 
sents a true performance capacity . The difference 
in performance observed under stress and normal 
conditions may be used as a measure of endurance 
(fatigability) . 

Strength is measured as the maximum force 
that can be e.xerted; the score can be evaluated 
with reference to general population norms. XJnder 
certain conditions, e.g., in poliomyelitis where 
only some muscle groups are affected, it may be 
more meaningful to determine the strength of a 
particular group of muscles in relation to the 
strength of other muscles. Speed can be de- 
termined either as the average time needed for a 
movement or as the rapidity of successive move- 
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mcntsv’e.g., in topping. Accuracy refers to the 
sp.otiiii characteristics of a movciuont and can be 
measured, c.g., as a deviation of tlie hits from the 
center of a target. In occupational work, accuracy 
usually involves not only a purely spatial char- 
acter but also the element of timing and of grada- 
tion in strength. Thu extent of movement, is of 
special interest in pathologic.al conditions where 
one can determine cither the arc through which a 
part of the body can bo moved at a joint or the 
accuracy with which a movement, can be volun- 
tarily reproduced. 

Systems of athletic tests which score a per- 
formance simply as "success” or “failure,” such 
as the Brace scale of motor ability tests, may bo 
useful for the est.ablishmcnt of gross differences 
between individu.als and can be given ns a group 
test, thus saving much '‘time (30). The Illinois 
motor fitness screen test (31) is also based on an 
“all-or-none” principle of scoring of each of the 14 
items. In research work in which the improvement 
or the deterioration of indimduals is studied, one 
should select performance which is capable of 
fine gradation and of objective evaluation. These 
tests are usually of the analytical type and at- 
tempt to measure single aspects of motor per- 
formance such as speed or coordination in a “pure” 
form. The more simple a performance, the easier 
it is to standardize the work method; also, the 
amount of training necessary to reach a plateau 
is proportionately smaller. On the other hand, it 
appears that the simpler responses are less sensi- 
tive to stress. 

Our experience confirms the statement that "for 
both receptive processes and active processes the 
evidence of deficit becomes more pronounced as 
. performance becomes more complex” (32A). We 
have found that in the face of stress — such as 
stan'ation — simple strength is affected least; the 
complex performance of pattern tracing shows 
the largest deterioration; tapping and gross body- 
reaction time are intermediate. 

Where one deals with the rehabilitation of pa- 
tients who will be returned to a specific job, the 
use of complex “miniature job situations” to test 
the performance level has its advantages. The 
importance of standard job tests for selective 
purposes was emphasized by Drake (33). Gold- 
stein (34), in his study of brain injuries, included 
both “abstract” performance tests (simple and 
choice reaction time and ergographic tests) and 
the “concrete” tests (workshop method). It is 
■ becoming apparent that job performance is more 
than a sum of its sensory and motor “elements”; 
^ direct study of complex activities having im- 
portant “mental” components reveals behavior 
characteristics which cannot be derived from the 
separate study of “local” neuromuscular mecha- 
nisms. This is well illustrated in Bartlett’s study 


of the deterioration in pilot performance resulting 
from work fatigue; the isolated local actions of 
control could still be carried out satisfactorily 
while the organized, coordinated and timed re- 
sponses could not be maintained (35). An example 
of a partlj’ specialized battery is found in the 
Psychomotor classification tests of the Army Air 
Forces (30). 

Changes in motor performance in disease or in 
convalescence have not been studied extensively 
although weakness and exaggerated body sway, 
incoordination and sluggishness are frcciuent 
clinical symptoms, capable of ((uantif ative evalua- 
tion. When the st.andardizcd test techniques have 
been applied to these situations they have been 
shown to be useful ns criteria of fitness. 

Co Tui et .al . have been able to measure improve- 
ment in strength and endurance in convalescent 
surgical patients by the use of a new bedside ergo- 
grapb (37). Brahmc described a similar instrument 
(3S) which will measure the ability to maintain a 
maxim.al grip or record successive performance 
following each other in a given tempo. Curves 
of patients recovering from various diseases il- 
lustrate the results obt.aincd with this technique. 
Whereas a group of patients who received treat- 
ment for chronic polyarthritis averaged on admis- 
sion 27.4 kgm./min. (minim. 11— max. 07), on dis- 
charge they had an average score of 67.4 kgm./min. 
(minim. 34 — max. 04;. Ergographic records, to- 
gether with tests for electrical excitability and 
electromyograms recording the electrical action 
potenti.als icleascd during muscle contraction, 
have been used successfully for quantitative meas- 
urement of regeneration of injured peripheral 
nerves (39). The authors report that this method 
yielded significant information in cases of polio- 
myelitis and infectious polyneuritis. 

The findings on deterioration of motor proce.sse 3 
in psychiatric patients have been summarized by 
Hunt and Gofer (32B). In a number of ps 3 'chiatric 
groups the .average reaction time was longer than 
in nornml individuals; also, the intra-individual 
variability increased. 

Tapping, regarded as a measure of the efficiency 
of motor centers, was investigated in patient 
with circulatory insufficiency (40). The maximum 
frequency of motor responses per unit of time was 
reduced and fatigability increased. Finger ergo- 
graphs, muscle strength in “back pull,” he.avy 
dynamic and static work (lifting and horizontal 
holding of dumbbells) , together with circulatory 
and respiratory tests have been used to demon- 
strate that methyltestosterone treatment of pa- 
tients with diminished production of sexual hor- 
mone increased muscular performance (41). 

There is an increasing use of quantitative per- 
formance tests in the study of the recovery from, 
direct neuromuscular impairment or muscular 
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deterioration resulting from fractures. As an ex- 
ample of the first category we may mention the 
work of Molander and Weinmann (42) on polio- 
myelitis, in which various objective tests were 
given through a period up to 3 years to follow 
improvement in muscle function. The examina- 
tions included (1) functional classification of 
muscles, based on the ability to perform a simple 
movement against gravity and resistance; (2) 
determination of the active and passive range of 
motion on a protractor scale; (3) muscle strength, 
measured by a set of spring balances; (4) endur- 
ance expressed as a rate of decline on the muscle 
strength tests repeated in succession 10 to 15 times. 

It may be expected that significant improve- 
ment in the methods for evaluation of motor fit- 
ness will come out of the intensive rehabilitation 
program which is being developed by the armed 
forces. For example, at the Fitzsimmons Hospital 
(Denver) observations are made of the physical 
performance of convalescents during their ac- 
tivity program. In addition, repeated measure- 
ments of physical and motor fitness are made and 
postural examinations are also carried out in 
order to obtain a comprehensive and meaningful 
picture of the progress of convalescence (43). 
Unfortunately the full details are not yet 
available. 

Experiments on the effects of enforced bed rest 
on normal men are in progress at this Laboratory. 
One aspect of this program is the study of motor 
deterioration- and recovery. The preliminary re- 
sults suggest that the ataxiameter, measuring the 
amount of body swaj', shows the largest deviation 
from the control values obtained before the sub- 
ject was put to bed; repeated measurements show 
improvement reflecting the course of recovery. 
Pattern tracing, a complex motor task performed 
while the subject walks on the treadmill and re- 
quiring a good deal of eye-hand coordination, and 
the test of strength of the trunk muscles (“back- 
pull”) showed also a significant deterioration 
when measured in post bed-rest conditions. The 
strength of grip (hand dynamometer) and the 
speed of movement as measured by ball-pipe test 
and tapping did not change appreciably. 

Sensory and intcllcclive funclions. On theoretical 
grounds wc may expect that in disease the central 
nervous system will be resistant to deterioration. 
Actual knowledge of the effects of pathological 
processes on sensory and intellective functions is 
limited. 

The effects of some of the basic physiological 
factors (oxygen supply , blood sugar level, acid-base 
balance of blood, nutritional and endocrine fac- 
tors) have been reviewed (44). In discussing the 
effects of disease. Shock stated: “While hereditary 
syphilis may interfere with mental development 
in young children if left untreated, there is no 


good evidence that diabetes, tuberculosisT heart 
disease, or allergy causes significant alterations 
in behavior because of their physiological effects. 
On the other hand any disease may have profound 
effeets on behavior by influencing the social en- 
vironment of the patient” (44). 

In poliomyelitis resulting in motor deteriora- 
tion, the intellective functions seem not to be im- 
paired (45). There is some evidence that learning 
ability in children is impaired when they are main- 
tained on a low thiamine intake (46). 

The disturbance of perception is of importance 
in various mental diseases and in cerebral injuries 
(34). It has been found that manic depressive 
patients exhibited a slowing down of the rate of 
fluctuation in ambiguous figures (47). We found a 
slight decrease in subjects severely restricted in 
vitamin B complex intake. Critical fusion fre- 
quency of flicker (F.F.F.) as an index of the ef- 
ficiency of the sensory centers was studied under 
conditions of general fatigue, drug stimulation 
and in disease. This measurement might be used 
to study recovery in post-concussion states (48). 
F.F.F. was reported as decreased in circulatory 
insufficiency and in patients with hypothyroidism 
(49). Improvement of visual functions and in 
psychomotor performance has been demonstrated 
following the use of cold hip baths (50). In this 
Laboratorj' we have investigated changes in the 
peripheral visual field in normal young ihen sub- 
sisting on inadequate food and water intakes. A 
progressive decrease in the size of the visual field 
was observed, from 5 per cent on the second day to 
11 per cent on the fourth day along with a 7.3 per 
cent loss of body weight. Gellhorn and Hailman 
have made a survey of visual and other sensory 
measurements which are useful in the study of the 
effects of anoxia (51). In studying pain heat, elec- 
trical current and mechanical pressure can serve 
as calibrated stimuli. Attention may be paid either 
to the liminal values (pain' sensitivity) or to the 
maximal stimuli tolerated (pain tolerance). Pain 
sensitivity is more directly related to the immedi- 
ate neuro-sensory mechanisms; pain tolerance 
may be expected to involve to a greater extent the 
personality factors and serve as a broader index 
of the capacity for tolerance of discomfort having 
appreciable correlation with %villingnoss to exert 
physically. 

Emotional status. In research on “physical fit- 
ness” the study of emotional status related to , 
“morale” is of acknowledged importance. For the 
most part we have to deal with the feelings of well- 
being rather than with personality (character, 
temperament, attitudes, interests), although the 
latter provides a frame of reference in which the 
changes in emotional adjustment will be expressed 
and, occasionally, may become an integral part of 
fitness research. Changes in personality have been ' 
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studied in (lie Eaboniiory duriuRjinriinl nnd acute 
restriction of vitamin B complex intake. Subjec- 
tive questionnaires, inter-individual ratings, 
Cattcll’s Cursive Miniature Situation (C.M.S.) 
Person.ality Test (52), Minnc.sota Multipbn.sic 
Personality Inventory (54) and the Ror.scliach test 
(54) were found to bn useful. 

Subjective questionnaires can be ilcsigned to 
indicate the presence or absence of “neurasthenia 
symptoms" or they may be directed to more 
specific .subjective difTicultics arising in a particu- 
lar stress situation. Data from a study of the 
efTects of subsistence on a very low level of caloric 
and w.ater intake illustrate the latter condition. 
Besides the general symptoms of discomfort 
(headache, dizziness, feeling of being “shaky,” 
tiredness, irritability, decline of mental alertness, 
etc.), the questionnaire included more specific 
items such as nausea, dry mouth, gastrointestinal 
distress and hunger. The response categories were 
"absent or normal” (weight 0), “more than nor- 
mal” (weight 1), “quite a bit" (weight 2), “very 
much so” (weights). A general trend of deteriora- 
tion can be expressed by an over-all score which 
corresponds to the weighted sum of the 20 items. 
The average P.M. scores on the successive days 
were 5.4, 10.2, 13.1(, and 16.2. 

TrVe arc well aware of some of the difficulties in- 
volved in subjectiyc questionnaires. Judgments, 
especially tvs to degree, depend upon strictly per- 
sonal criteria, upon introspective ability which 
varies from inditddual to individual, and the 
memory of previous states of feeling. In long-term 
experiments or in convalescence the changes may 
be very gradual and therefore easily missed. How- 
ever, we may expect that there will be considerable 
differences between different traits rated. Thus a 
subject or a patient will be less able to estimate 
his “mental alertness” than a headache or 
presence of thirst. The final criterion of the value 
of this technique is operational. Does the ques- 
tionnaire, under well controlled conditions, show 
differences where there are differences in the ex- 
perimental regime? 

Comments. Schneider (SB) states that “physical 
fitness” is frequently taken to mean general 
health. This is an unfortunate confusion of terms 
since a high degree of athletic performance is com- 
patible with some disease states (55). Further- 
more, the assumption (commonly used in validat- 
ing tests which might be useful in differentiating 
degrees of health) that a group of athletes is 
“healthier” than a group of sedentary workers, 
both groups being certified by a physician as free 
from disease, does nbt appear to be based on valid 
evidence. It is most unlikely that an individual 
who is fit to resist one stress (physical exertion) 
will be fit to resist all stresses. For a more precise 
definition of the relationships between fitness tests 


and hcnlth, two questions might bo considered: 
the sensifivity of tiiese tests to deterioration and 
their ability to predict re.sistnncc tostrcs.s. 

Tests of the general type discusHcd above have , 
been used 8uccc.s.sfully in many strc.s.s situations; 
ns examples one might mention that cardiovascu- 
lar and respiratory tests arc sensitive to many 
acute and clironic diseases, to the stress of heat, 
anoxia and exhausting exercise, and that sensory 
and psychomotor tests arc sensitive to nno.xia, 
loss of .sleep, old age, and starvation. It is apji.arcnt 
that the degree of systemic deterioration can 
best be determined by the combined use of physi- 
ological and psychological methods. However, 
much remains to be done in developing more sensi- 
tive tests in specific situations. For example, there 
is no test sufficiently sensitive to the stress of 
ordinary industrial work. 

The limitations and advantages of fitness tests 
will be more clearly defined when we know what 
combination of fitness tests, new or old, will pre- 
dict ability to withstand the following stres.scs: 
starvation, anoxia, heal, cold, toxic agents, noi.so, 
loss of sleep, common infections (such as colds, 
flu, etc.), malnutrition and development of de- 
generative diseases such ns hypertension and 
arteriosclerosis. At first glance such a program ap- 
pears to bo overly ambitious and technically im- 
possible. However, two attempts in this general 
direction give hope tlint this goal can be reached: 
successful prediction (24) of the ability to ac- 
climatize to high altitude, and the progress that 
has been made in the use of the cold pressor test 
in predicting the development of hyperten- 
sion (56). 

Vocational guidance based on objective assess- 
ment of physiological and psychological aspects 
of work capacity, vocational retraining and selec- 
tive placement in industry (or in the armed ser- 
vices) arc important parts of rehabilitation pro- 
grams (57). In vocational guidance and selection 
special standardized tests which have been vali- 
dated against specific criteria of job success must 
be used (58, 59). Further research on the relation 
between physical and mental make-up and effi- 
ci.ency in industrial work is needed. Particularly 
the minimal fitness standards compatible with 
efficiency of production and safety on the job will 
require increased attention. 

Simonson (60) estimates that in about 80 per 
cent of all jobs in industry muscular effort is 
slight or moderate. Under these conditions -the 
study'of sensory efficiency, especially in the visual 
area (61), and of motor performance assumes pro- 
portionately greater importance than the bio- 
chemical and cardiovascular changes. However, 
the degree of cardiovascular fitness compatible 
with efficient w'ork in different types of industrial 
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occupations constitutes a problem of obvious im- 
portance in convalescence studies. 

In much laboratory fitness testing an attempt 
is made to probe into functions which represent 
biologically meaningful components of work ca- 
pacity. It is in this sense that one ma}"^ speak of 
general fitness, not that any single test measures a 
hypothetical “common factor’’ involved to the 


same degree in all kinds of motor, mechanical or 
exhaustive performance. This Laboratory has 
made an effort to develop a battery of general 
tests which samples the basic components of a 
wide range of activities and provides a basis for 
broader inferences as to the effects of an experi- 
mental regimen on fitness. 
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CARDIAC ASPECTS OF CONVALESCENCE 

iMAURICE U. VISSCIIER 

Division of General Physiotog;/, Universily of Mirmcsola, Minneapolis 


The role of the heart in convalescence inaj’ seem 
at first glance to bo a minor one. However, even 
in conditions which do not involve primary defects 
in the heart muscle, the coronary flow, the heart 
valves or in the excitation and conduction system, 
there arc obviously three general types of situa- 
tions in which cardiac physiology is crucial to 
the problem at hand. First, it is apparent that the 
onset of cardiac failure is the critical occurrence 
which ultimately determines life or death in 
numerous situations. Second, the cardiac reserve 
capacity is undoubtedly one factor determining 
fitness for physical exertion following illness of 
various sorts. Third, the activity of the heart in 
the integrated circulatory system is a cen- 
tral problem in ncuro-circulatory asthenia or 
Da Costa’s cflort syndrome, and in related states. 
The problem of convalescence in the specific 
disorders of the heart itself will not he considered 
at this time. 

A critical review of existing information on the 
rdle of the heart in the physiology of convalescence 
is an extremely difficult and unsatisfying assign- 
ment because a comprehensive coverage of the 
tangentially applicable literature would require 
an amount of time and space probably unwar- 
ranted by the value of the result, and because 
there are so few observations bearing squarely 
upon the problem. It has seemed to the author, 
therefore, that a better purpose would be served 
by outlining the problem broadly, bringing into 
the discussion the relevant facts with which he is 
familiar and suggesting possibly fruitful lines for 
further study. 

A review of Biological Abstracts and the 
Quarterly Cumulative Index Medicus reveals very 
few entries which bear directly upon the problem 
of the heart in convalescence in the absence of 
frank heart disease. These few deal with such 
Eubjeots as cardiac abnormalities in avitaminosis, 
in endocrine disorder?, in such infectious diseases 
as diphtheria and comparable topics. The physi- 
ologist is treading on dangerous ground and must 
be cautious when he discusses the functional sig- 
nificance and problems of an organ in convales- 
cence generally, disorders of which are ordinarily 
believed not to be critical to survival or full re- 
covery. It is a principle of first importance that in 
considering any scientific question the relative 
importance of the various factors involved be 
established. The astute physician cannot be con- 
cerned too much with minor matters when major 
issues are at stake. After the more important 


factons have been dealt with is the time to pny at- 
tention to the less critical ones. Therefore, his 
lack of interest in the heart in convalescence may 
indicate that the physician has reason to bclicvo 
that the heart is of Ic.s8 importance to survival 
and full recovery than are other organs. On the 
other hand, it may be that some important factors 
arc being ignored. 

It is an interesting and arresting fact that with 
progrc.ss in medical knowledge the exhibition of 
drugs purporting to “support the heart” in non- 
cardiac disease has progrc.ssivcly diminished. In 
the main, drugs other than the cardiac glycosides 
employed in the past and even at the present time, 
supposedly to strengthen cardiac contraction, 
actually operate upon the peripheral vascular sys- 
tem. To bo sure such action has a round about 
effect upon the condition and the work of the heart 
by altering the venous return and the coronary 
circulation, but the primary action is upon the 
peripheral blood vessels and not upon the heart. 
An example is coraminc, which has no direct 
cardiotonic action (1), but may nevertheless be a 
useful drug. Even in the cases of agents such as the 
sympathomimetic amines, natural and synthetic, 
which do act directly upon the myocardium as well 
as on vessels, their main cfTecl in the usual doses 
is probably exerted via their vascular actions. 

1. The principles of cardiac physiology hearing 
vpon Ihc convalescence problem. As a part of the 
total organism the whole function of the heart is to 
deliver blood in a continuous manner to the other 
body organs in amounts adequate to their needs 
for survival and activity. In order to perform this 
service to other organs the heart must be capable 
of converting certain amounts of chemical energy 
into mechanical work with at the least a certain 
minimal efficiency. Again, for this to occur the 
myocardium must be supplied with at least its 
minimum metabolic needs for energy and repair, 
and must be rid of metabolic wastes. Thus for its 
continuous operation the heart is dependent upon 
the proper functioning of such organs as the lungs, 
the liver and the kidneys. 

On the hydrodynamic side the ability of the 
heart to function effectively as a pump depends 
upon the state of the vascular system. In common 
with every other machine doing work the heart 
docs its work with varying efficiency depending 
upon the conditions of loading. In general the 
efficiency of the heart falls off as its filling de- 
creases. Therefore when the venous return dimin- 
ishes the heart becomes inefficient as a machine. 
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This is perhaps the most important physiological 
phenomenon in connection with peripheral circu- 
latory failure. In any situation in which there is a 
sufficient primary decrease in venous return, be it 
due to diminished blood volume or to peripheral 
blood pooling, the heart itself becomes progres- 
sively less able to deliver adequate stroke volumes 
under sufficient pressure to maintain the coronary 
and peripheral vascular flows, and unless the 
vicious circle is broken the process leads ir- 
revocably to to death. So it appears that in the 
last analysis it is progressive cardiac failure that 
forms half of the circle in the round of events 
which causes the fatal outcome in states with re- 
duced blood volume, as in shock or hemorrhage, 
and in states of peripheral vascular collapse (dila- 
tion), such as terminal toxic infectious states, 
histamine poisoning and other anaphylactoid and 
perhaps anaphylactic reactions, heat stroke and 
other disorders. 

On the metabolic score the heart fails as its fuel 
supply is exhausted and as certain, as yet un- 
known, metabolites increase. In the isolated heart, 
failure occurs with fuel supply (glycogen) ade- 
quate (2). Such failure ordinarily occurs without 
a decrease in total energy expenditure at a given 
diastolic fiber length, so long as the coronary flow 
remains high (3). Thus it is an efficiency and not 
an energy failure.* The chemical reason for such 
efficiency failure is unknown. The problem of as- 
certaining this chemical mechanism is a central 
one in the physiology of heart failure. A few clues 
exist. Experience with the use of the heart-lung 
preparation as the pump for perfusion of the 
kidney provides an impression that spontaneous 
failure of the heart is much delayed in such a sys- 
tem as compared with the heart-lung preparation 
alone. No critical experiments appear to have been 
carried out to test this question or the related ones 
as to whether other individual organs such as the 
liver may add to or remove from the blood sub- 
stances influencing the failure process in the heart. 

A great variety of substances and conditions 
have been tested for their failure-influencing 
effects. Increased work load, especially against 
high pressures, accelerates the failure process 
(4). So does increased acidity, relative exj-^gen 
want, elevated temperature and elevated right 
heart pressure which latter impedes coronary sinus 
and thebesian vein outflow, thus diminishing 


* Two groups of investigators (6, 7) have re- 
ported experimental failure in the isolated and 
heart-lung heart to occur without efficiency de- 
cline. These observations have been reviewed pre- 
viously (S). Other workers (9, 10, 11, 12, 13) agree 
that the efficiency declines in experimental failure 
except when coronary flow is interfered with. 


coronary circulation. The after .effect of large 
doses of adrenaline is also one of hastening 
failure (5). 

Since the degree of cardiac failure can be the 
critical factor determining survival or death in a 
varietj’’ of situations it seems apparent that an 
improvement in recovery rates might follow if 
better methods were available for reversing the 
trend toward progressive heart failure. Some 
rational measures are available, such as increasing 
the o.xygen supply bj’’ administering higher ten- 
sions in the inspired air. Raising the blood volume 
is useful so long as the increased filling of the 
heart docs not produce dilation with increased 
energy liberation, and thus precipitate final 
failure. The cardiac glycosides ma 3 ' have a useful 
application in certain instances. 

However, the actual chemical factors under- 
lying heart failure are still unknown. It is entirely 
possible that their elucidation will point the way 
to much more effective methods of supporting a 
failing myocardium free of structural defects. 
An obviouslj’ desirable line of study is in the more 
intimate chemical aspects of heart failure. 

2. Bcd.rcsl and cardiac reserve. Prolonged bed 
rest is an element in so many treatment procedures 
that it deserves special consideration from several 
viewpoints. The work load upon the heart 
ordinarilj' depends so largely upon the amount of 
bodily muscular activity that bed rest reduces 
cardiac work toward the minimum compatible 
with life. Such a reduction may in certain' stages 
of heart failure so lighten the heart’s load as to 
initiate a reversal of the failure process. Pre- 
sumably this comes about by decreasing the 
energy expenditure and therefore the oxygen con- 
sumption rate in the heart, allowing more com- 
plete approach to recovery and decreasing the con- 
centration of activity metabolites, some of which 
latter are usually assumed to be responsible for 
the inefficiencj’’ of work performance that one 
sees in e.xperimental failure. An alternative pos- 
sibility is that the overworked heart exhausts it- 
self of certain essential materials (not necessarily 
those suppljdng energy) whose replacement rate 
cannot keep pace with the loss rate unless cardiac 
metabolism requirements are reduced. In any 
case, reduction of cardiac work by bodily rest 
does bring about reversal in heart, failure in man 
with great regularity in milder degrees of decom- 
pensation, just as a similar reduction in cardiac 
work sets up a reversal in the progression toward 
fatal incfficienc 3 ’’ and increase in diastolic volume 
at constant stroke volume in the isolated dog or 
cat heart. The fact that such a reduction in cardiac 
work and energy expenditure reverses the trend 
toward progressive failure is adequate justifica- 
tion for achieving it whenever myocardial failure 
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is present. Tluis absolute bed rest is indicated 
whenever cardiac insiifRcicncy is present. 

But reducing cardiac work has other effects, 
especially in the normal heart. So far ns is known 
all muscular structures respond to increased loads 
of work, within physiological limits and under 
normal chemical conditions, by an increase in 
capacity to do work, and by increase in active 
mass. Conversely long continued relief from heavy 
loads is soon followed by an involution, functional 
aud structural. The chemical composition of heart 
muscle may be considerably altered by heavy work. 
Sn-jmming rats for example show elevated cardiac 
glycogen, particularly in the post-exercise 
period (14). 

It is apparently an unsolved question what part 
of the debility of patients subjected to prolonged 
bed rest may be due to a primary cardiac weakness 
resulting from what might properly be termed 
partial disuse involution. It is not likely' that such 
a cause would opcr.ate alone in most instances to 
bring about the low exercise tolerance, tachy'- 
cardia on exertion and related symptoms in con- 
valescents, but as a contributing f.actor of 
importance it cannot bo ruled out without further 
study. Thus the effect of prolonged inaotixdty on 
cardiac reserve capacity, and the further conse- 
quences of the latter on fitness deserve greater 
attention. 

3. The assessment of fitness. It is not accidental 
that nearly every so-called fitness test in current 
use (for references see (15)), utilizes, among other 
criteria, the changes in heart rate in exercise. 
There is a significant inverse correlation between 
heart rate at definite intervals after standard work 
loads over short periods of time and capacity to 
perform over longer periods. An oversimplifica- 
tion of the problem would be unfortunate but it 
can scarcely be doubted that, among other factors 
partly responsilile for this relationship, the maxi- 
mum (or perhaps optimum) stroke volume of the 
heart is a determinant (16, 17). A satisfactory 
analysis of this relationship has not been made. 
In spite of literally hundreds of fitness studies the 
underlying physiology has received scanty atten- 
tion. Most workers have contented themselves 
with statistical evaluations of the practical use- 
fulness of particular types of tests. Such studies 
have an important place and have resulted in 
definite improvements in evaluation procedures. 
Nevertheless there are still important dis- 
crepancies between prediction from fitness tests 
and performance (18) and it would seem unlikely' 
that such discrepancies could be resolved without 
further fundamental study. 

The cardiac acceleration in exercise is brought 
about mainly by nervous mechanisms. There is 
apparently a central nervous factor that comes 
into action at the onset of movement (19). Later 


reflexes control the heart rate to a large extent. 
The afferent arms of the reflexes brought into 
play arc the nerves from the vasosonsitive zones 
and proprioceptive nerves from the muscles, ten- 
dons and joints brought into action in exercise. 
The relative contribution made by each is 
unknown, and therefore the question of the limit- 
ing effect of cardiac work capacity on exercise 
heart rates is unsolved. A very important measure- 
ment which would ns.sist in solving this problem 
would be that of right atrial (venous) pressure in 
exercise, in relation to heart rale changes. It is 
known that the venous j)rc.saurc ri.sc.s in exercise 
(20), and that the rise is roughly proportional to 
the severity of work (21) but that the increased 
heart rate minimizes the venous pressure rise. 
Api)arcntly correlations of extent of rise with 
heart rate changes and with fitness have not 
been made. 

In recent years the emphasis in fitness studies 
has been placed on the peripheral vascular sys- 
tem, the nervous system, particularly the auto- 
nomic division and upon skeletal muscle training. 
Without discounting the importance of those fac- 
tors it seems obvious that the heart itself should 
not be neglected in these studios. The three most 
accessible important variables for measurement 
are the venous pressure, the diastolic volume and 
the stroke output. Together those quantities can 
be made to yield important information concern- 
ing the work capacity and eflioienoy of the heart 
and deserve much greater attention than they 
have received in fitness studies. 

4. The relation between heart rate and cardiac 
efficiency. Since every fitness test indicates that 
high post-exercise heart rates are associated with 
poor performance (18), and since trained athletes 
tend to show low basal heart rates (16), it is of 
some interest to correlate these facts with more 
basic information. The isolated heart performs a 
standard amount of work per unit of time more 
economically as to energy cost the larger the 
stroke volume. In other words, for constant mi- 
nute volumes the efficiency of doing work increases 
as the heart rate falls (22). This is due to the fact 
that over a wide range the loading efficiency in- 
creases with increasing volume loads (13). 

Thus the lower the heart rate at which a given 
load can be carried the more efficiently can it be 
done from an energetic viewpoint. So it appears 
that the slower hearts are the more efficient ones 
and it is therefore not surprising that they can 
carry the heavier loads over longer periods of time. 

To complete the picture of the influence of heart 
rate on cardiac energy expenditure the energy 
cost per beat must be considered. In this regard 
it has been found that at a given constant diastolic 
fiber length the energy cost per contraction de- 
creases as the heart rate increases (22). The de- 
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crease in total energy cost is not nearly as great 
as the decrease in work output and therefore, as 
noted above, the efficiency falls. Nevertheless it 
is important to note that a tachjmardia in a sub- 
ject at rest need not increase cardiac metabolism 
in full proportion to the increase in heart rate. It is 
mainly when the work load on such a heart in- 
creases above resting levels that embarrassment 
appears. This fact permits the heart in the resting 
subject to beat at very high rates without the 
onset of failure, even in heart disease in cases 
where increased stroke volumes quickly precipi- 
tate decompensation. 

To carry heavy loads of work the heart must 
have a high resting stroke volume and must be 
able to increase the stroke volume greatly in exer- 
cise. Without doubt, at least two factors enter into 
the latter. First, there is a tendency toward in- 
creased diastolic filling and increased energy out- 
put following the diastolic volume law. But the 
residual blood decreases too, as is evidenced by 
the smaller systolic volume (23), and since the 
mean systolic blood pressure is not reduced in 
e.xercise one is forced to conclude that a second' 
mechanism comes into play, namely a change in 
work capacity at a given diastolic volume. This 
change is comparable to the one produced by ad- 
renaline in the isolated heart (11). It is not an 
unreasonable supposition that adrenaline (sym- 
pathin) is mainly responsible for the effect in the 
intact organism. 

Since the rate increase is only one of the effects 
of adrenaline upon the heart it would seem that the 
subjects with the faster resting heart rates might 
be continuously under the influence.of abnormally 
high levels of adrenaline in the heart muscle. This 
effect might be, and probably is, disadvantageous 
to the mycocardium. Very small amounts of ad- 
renaline plus cholinergic drugs increase cardiac 
efficiency, without heart rate change (24, 25), but 
high adrenaline levels greatly decrease effi- 
ciency (11). 

It would seem to be worth studying the rSle of 
chemical effects of the agents causing increased 
heart rates upon the work capacity of the heart, in 
relation to the problem of fitness. A high concen- 
tration of an agent like adrenaline in heart muscle 
might set certain metabolic processes at such a 
rate that the desirable approach to the recovery 
condition is not maintained. The heart muscle in 
life never fully recovers from contraction in the 
sense that skeletal muscle does, but it must never- 
theless be maintained at a certain position ap- 
proaching full recovery in order to carry on effi- 
ciently. This position can apparently be altered by 
adrenaline. Whether such changes are responsible 
for fitness levels would seem to warrant study. 

5. -The effort syndrome. In every major conflict 
since the American Civil War attention has been 


paid by medical officers to the so-called, “effort 
syndrome” first fully described by Da Costa (26). 
Various names have been applied to the condition, 
and the fact that the disorder is not specifically 
limited to fighting men has been pointed out since 
the first report. Nevertheless it is commonly held 
that emotional strain in persons in general ill- 
health and/or with constitutional factors dis- 
posing to the disease is a precipitating factor. 

Numerous recent reviews have discussed the 
known facts in connection with this disorder (27, 
28, 29, 3D). The most comprehensive review (31) 
comes to no conclusion as to the basic functional 
disturbance. Many of the s 3 Tnptoms can he simu- 
lated by hyperv'entilation and certain investiga- 
tors (32) conclude that hj'perventilation alkalosis 
is the cause of the other symptoms. However these 
workers neglect the fact that in their own cases the 
pathological effects of hyperventilation occur at a 
much lower pH in their effort syndrome subjects 
than in their normals. Consequentlj' it is obvious 
from their own data that some difference besides 
hyperventilation exists between the two groups- 

Other workers (33) have shown in a similar group 
of subjects that the arterial oxygen saturation is 
from 4 to 10 per cent below normal in effort s 3 'n- 
drome. These subjects frequently showed a 
Cheynes-Stokes tj^pe of respiration indicative of 
central anoxia. Frequent sighing also occurs in this 
disorder. It is difficult to reconcile low arterial _ 
oxygen saturation with hyperventilation, al- 
though it is possible that with excessive aeration 
of parts of the lungs, combined with poor aeration 
of certain other parts, the mixed arterial blood 
could have a low carbon dioxide content and a high 
pH. This is true because the alveolar carbon di- 
oxide tension can be lowered relatively more than 
the oxygen tension can be raised by increased aera- 
tion of the lungs. Consequently if, for example, 80 
per cent of the lungs were over-ventilated and 20 
per cent were not ventilated at all, one could ob- 
tain approximately the observed low oxj'gen satu- 
ration and the low carbon dioxide tension in the 
mixed arterial blood. It should be pointed out, 
however, that the oxygen saturation and carbon, 
dio.xide studies were made on different subjects by 
different investigators. 

The heart is the focal point of sj-mptomatology 
in effort syndrome. Practically all patients com- 
plain of palpitation on slight exertion and manj' 
evidence pain and discomfort referable to the 
heart. It is, however, virtually certain that there 
is no primary disorder in the heart. Consequently a 
more basic cause for the total sj’ndrome pre- 
sumablj" exists. 

In some wa 3 ’' the pathological processes in effort 
syndrome affect the function of the heart. It is 
very unlikely that small decreases in blood o.x 3 'gen 
or increases in pH could be responsible for the 
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observed cardiac syniploms. It seems possible that 
persistent changes in autonomic nervous system 
influences could cause the condition. It is not 
likely that n simple incrc.asc in sympathetic stimu- 
lation occurs because tachycardia is not consist- 
ently present, but there might easily be increases 
in both sympathetic and parasympathetic dis- 
charges, which would leave the heart rate con- 
stant, and yet allow the adrenaline to exert 
unfavorable metabolic effects on the heart muscle. 
Such an hypothesis would be in harmony with the 
prevalent clinic.al impression that externally im- 
posed emotional factors .arc important ctiologi- 
cally, along with con.stilulional tendencies toward 
emotional instabilitj’. App.arently no attempts 
have been made to simulate the effort syndrome in 
animals or man by the chronic use of agents such 
as adrenergic and cholinergic drugs. 

6. Conefnstons. Cardiac function cannot safely 
be ignored in the general problems of convales- 
cence from diseases which do not primarily affect 
the heart. The rate of onset of cardiac failure is .a 
critical factor in determining death or survival in a 
variety of conditions such as shock, hemorrhage 
and toxic slates. 

In assessing fitness for e.xertion the function of 
the heart is a central problem. The stroke volume 
is dependent on energetic factors intrinsic to the 
heart muscle, a,s well as upon peripheral vascular 


and autonomic nervous factors. The ordinary 
treatment of tlie cardiac aspect of fitness is much 
too superficial and has not struck at the basic 
problem of the ability of the heart muscle to do 
work. The heart rate changes arc secondary to 
more important basic factors. These primary fac- 
tors deserve greater attention than they have 
received. 

The effort syndrome comprises fl functional dis- 
order in which disturbances in cardiac physiology, 
although probably not primary, nevertheless ap- 
pear to pla 3 ’ an important part. Existing informa- 
tion does not allow one to trace the nature of the 
b.asic functional disturbance, but there is sugges- 
tive evidence that abnormal autonomic nervous 
influences m.ay be primarj' to several other dis- 
turb.anccs. Such influences upon the heart could, 
if they occur, rather rcadilj" account for palpita- 
tion, left thoracic pain, limited e.xcrcise tolerance, 
among other symptoms. 

Tills statement has been aimed at two objec- 
tives, presenting in general the current state of 
knoadedge about the problem, and second indicat- 
ing lines of study a'hich seem to the author to be 
promising. It is very obvious that a wide range of 
problems aa-aits study, and there is reason to 
believe that such research a-ould be rea-arding in 
basic information and useful results. 
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CIRCULATORY ADJUSTMENTS: THE PERIPHERAL CIRCULATION 

EUGENE M. LANDIS 

Department of Physiology, Harvard Medical School, Boston, Massachusetts 


In considering the physiological state of the 
peripheral blood vessels during recovery from dis- 
ease or injury, it must be recognized at once that 
the term convalescence, as usually used, includes a 
wide variety of completely different conditions. 
Thus, a group of young soldiers, though initially in 
good physical condition, will as individual pa- 
tients in their convalescent period present com- 
pletely different peripheral circulatory problems. 
These will depend upon the site, nature and seri- 
ousness of their wounds, as well as upon the opera- 
tive treatment required. Even during recovery the 
reactions of the peripheral vessels will be influ- 
enced by the amount of blood lost, and by the 
promptness and completeness with which plasma 
proteins and erythrocytes have been replaced 
either by intravenous administration or by the 
patient’s own tissues. 

Prolonged exposure on the battlefield to thirst 
and heat severe enough to produce vascular col- 
lapse, or to cold severe enough to produce frost- 
bite, often leave the vasomotor system and the 
peripheral vessels abnormally vulnerable to ex- 
treme changes in environmental temperature, for 
weeks or months afterward. Injury to nerves, 
secondary infections, and nutritional difficulties 
during the operative period or during intercurrent 
disease also affect vascular function for prolonged 
periods. Excessive vasoconstriction in response to 
emotional disturbances, while seen most clearly in 
Raynaud’s disease, occurs also in milder and less 
dramatic grades so that weakness and anxiety of 
the convalescent patient ma}'' produce functional 
vascular abnormalities. Moreover in the older age 
groups, even within the range of 35 to 45 years, 
early degenerative changes in the vascular tree 
make sweeping generalizations unsatisfactory in 
solving difficult individual problems. 

For these reasons consideration of the peripheral 
circulation in the recovery period should avoid all 
tempting diagnostic rules of thumb and particu- 
larly should avoid therapeutic regimentation. It 
follows with equal force that this discussion can 
include only a brief description of several funda- 
mental distortions of vascular ph 5 "siology common 
to illness in general. In essence convalescence is 
merely a stage of the causative disease or injury 
and it is as impossible to consider under one head- 
ing the manifold peripheral circulatory disturb- 
ances of all convalescent patients as it' would be to 
describe together as one topic the pathological 
physiology of Immersion foot, shock and pneu- 
monia. 


It is probably for this reason that the literature 
is relatively barren of studies dealing with the 
peripheral circulation in convalescence as such. 
In fact the few papers available on the general sub- 
ject appeared during or immediately after the first 
world war and, as in the present war, obviously 
arose from the necessity of hastening return of 
soldiers to the front or civilians to their work. As 
would be expected under these circumstances ob- 
jective observations and tests are few, conclusions 
being based largely upon the general effects of a 
set regimen on days of hospitalization for groups of 
patients. 

Bridgman, for instance, in the last war studied 
the length of convalescence by testing perform- 
ance in three' stages of graduated exercises, the 
most advanced stage consisting of 40 minutes of 
steady setting-up exercises, one hour of squad 
drill, and a 5-mile hike. Tested -in this rigorous 
fashion, which is certainly appropriate for soldiers 
about to be returned directly to full duty, the 
effects of infection or operation last longer than is 
generally assumed in civilian practice. The aver- 
age patient recovering from mumps was able to 
perform the full schedule of e.xercises about 6 
weeks after onset of the disease; for pneumonia 
recovery required 8 weeks; scarlet fever 11 weeks; 
tonsillitis and sinusitis 5 weeks. Follow-up of 2000 
cases showed, however, that 99 per cent fulfilled 
regular duties immediately after discharge. Since 
physical exercise is a test of peripheral circulatory 
adjustment as well as cardiac and respiratory 
function, it would appear that completion of con- 
valescence in a military sense requires a more ade- 
quate recovery and greater efficiency of vascular 
coordination than is demanded in civilian life 
where it is possible to discharge the convalescent 
patient with a vague recommendation to “take it 
easy for a month or two ; let me know if you have 
any trouble and come back for another examina- 
tion in 3 months.” 

If there is one common factor in all convales- 
cence, it is that during its initial stages the patient 
changes his position from recumbency to sitting, 
standing, walking and finally working. In the re- 
cumbent position the peripheral blood vessels and 
heart are at about the same hydrostatic level. The 
blood pressure in the venous capillaries, though 
but slightly higher than that in the large central 
veins; supplies in recumbency ample vis a tergo to ^ 
ensure adequate return of venous. blood to the 
heart. Hemorrhage, shock and infection having 
been treated successfully, the penphcral circula- 
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tion (if tlio iniliciit nwy lie iidwmnlc for tlic 
very minor liemanils of (lip rcenmlionl. ]iosi(ioii. 
linicut woaknciis eiin still lie. iiresent and bneomo 
apparent only when the jiatient attempts to Rot 
out of tied and to assume (hocreet position. At this 
time the hydrostatie disadvantage of sitting or 
standing requires immediate adjustments on the. 
part of the vasomotor system and peripheral eireu- 
lation. Tardiness or ineompletenosa of adjustment 
leads to faintness, “giddiness,” dimness of vision, 
tachycardia, palpitation, deepened rcsiiiratioii, 
weakness and, if these signals of imminent, ecrcliral 
anemia go unheeded, uneonsciousness with a few 
convulsive movcmonls, localized or generalized. 

The administration of the vasodilator drug, so- 
dium nitrite, to healthy young sulijce.ts produces a 
similar wo.akness of (he peripheral circulation, 
which is latent in recumbency but quickly obvious 
onstanding. Weiss and his coworkers found (hat in 
the recumbent subject sodium nitrite did not pro- 
duce symptoms, afTcct venous pressure or reduce 
venous return to the right heart. Yet the (one of 
the venous and capillary systems was reduced ns 
shown, by a 20 to -40 per cent greater increase in 
limb volume during passive congestion. Standing 
revealed this weakness more clearly by producing 
syncope owing to distension of the vcs.sc!s below 
the heart and a rapid fall of venous iircssurc in the 
lower oxlremitics to levels lower than the hydro- 
static pressure required to return blood to the 
right heart. The vasomotor system, however, re- 
mained active; the high diastolic pressure at the 
moment of collapse indicated heightened, rather 
than lessened, arteriolar tone. The responses of 
the peripheral vessels to pinch, deep respiration 
and to cold persisted. By exclusion the circulatory 
failure was ascribed by Weiss to diminished car- 
diac output resulting from the stagnation of blood 
in the relatively lax or atonic capillaries and 
venules in the dependent parts of the body. The 
critical importance of heightened venous pressure 
in revealing the greater distensibility of these ves- 
sels is indicated by the absence of symptoms in 
recumbency and their prompt appearance in 
standing. Failure of this type was more likely to 
occur in warm environments and less likely to 
occur in the cold, Epinephrine and pitressin did 
' not protect against this postural action of nitrite, 
but paredrinol, which contracts venous resenmirs, 
relieved the symptoms of some subjects though not 
others. 

No sharp line of demarcation separates the nor- 
mal from the abnormal in this respect. In suscepti- 
ble subjects particularly with hypotension the 
same sequence is observed in warm weather, on 
first arising in the morning, or on resuming ac- 
tivity after a day or two in bod. Normally the 
carotid sinus mechanism and the va.somotor sys- 
teni adjust vascular tone to new conditions reflexly 


within n few second.s and cerebral anemia is re- 
lieved after ii very brief period of “giddiness” or 
“g<»ing l)laek.” 

In the eonvalcsccnt imlient, liownvcr, reeduca- 
tion and I raining may lie nce.es.sary at first because 
infections .sueli ns colds and sore tliroat, dehydra- 
tion, hlond loss, fever and fatigue all delay and 
nnfcchle tlicsc adjustments. The potential degree 
and persist once of tins nnfcohlemcnt lias been illus- 
trated by stndic.s on the effeefs of simple fever, 
produced liy heat cahinels or typlioid vaccine for 
several hours, and tlicrcforo nneomplicatcd by 
underlying infection. .Such fever leaves a residue 
of maladaptntion for some time even after body 
temperature has returned to normal. 

Kojrp observed after arlifici.al fever a greater in- 
cidence of immediate or sustained fall of systolic 
blood pressure, more frequent flncluntions of 
blood pressure above and below llie initial level, 
inability to maintain an initial rise in systolic 
blood pressure, a f.all in diastolic pressure, or jn- 
atrilily of diastolic pressure to rise, greatly reduced 
pulse i>ressnre and a greater or jirogrcssivo in- 
crease in pulse rate. The symptoms observed in 
sitting and standing included dizziness, eructation 
of gas, restlessness, dyspnea, nausea, weakness, 
blurring of vision, syncope and in some instances 
convulsions. These symptoms were more frequent 
and more marked in patients over 50. Ho con- 
sidered the responsible factors to bo dehydration, 
vasodilatation in a warm environment, early or- 
ganic vascular disease and "exhaustion of the sym- 
pathetic nervous system.” Lack of any direct rela- 
tion between symptoms and the grade of hypoten- 
sion precluded establishing any critical blood 
pressure level. Responses also differed in the same 
patient from day to day so that the convalescent 
should be excused for inconsistencies in his symp- 
toms. Like the symptoms of nitrite action,, how- 
ever, those of the post-febrile period were imme- 
diately relieved by recumbency. 

Related to these common disturbances of the 
peripheral circulation in early convalescence are 
the slightly decreased circulation time in fever 
(Woliheim and Lange) or after operations (Beilis 
ct al), and the temporary but marked diminution 
of cardiac output for 1 to 4 days postopcratively 
(Snyder). Loss certainly relevant to war injuries, 
but nevertheless suggestive, is the finding that 
smoking produces less constriction of the periph- 
eral vessels in patients recovering from cardiac 
failure than in ambulatory subjects (Cates and 
Giovanaszzi). 

The adjustments to physical e.xercise depend 
only partly on the peripheral vessels but the obser- 
vations of Mann indicate the period required for 
complete recovery even after fever and active in- 
fection have disappeared. Thus, after pneumonia 
the ability of convalescent patients to adjust to 
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exercise, as measured by their blood pressures 
after graded work, was slow' From 8 to 17 days 
without fever were required for return of maxi- 
mum work tolerance. The behavior of blood pres- 
sure during graded work in this series was a more 
sensitive indicator of progressing convalescence 
than was the pulse rate. 

Studies of. this kind, though suggestivh, are still 
fragmentary and cover only a few of the many situ- 
ations mot with in a convalescent hospital. A sys- 
tematic survey is needed, with emphasis on the use 
of modern objective and quantitative methods of 
studying the peripheral vessels. Such a survey 
would supply information to supplant vague gen- 
eralizations and would reveal differences related 
to the underlying disease, These studies should 
logically begin with observations on normal sub- 
jects who arc simply confined to bed, proceed to 
normal subjects confined to bod and given artificial 
fever, and then to patients with infection and 
fever, simple operations, trauma followed by sim- 
ple hemorrhage, by shock, by operations and by 
special complications. It has been claimed that 
continued stimulation of the vasomotor system by 
raising the head of the bed 8 to 12 inches at night 
tends to relieve the symptoms* to postural hypo- 
tension, but the usefulness of these and other 
medical measures in the recovery of normal vascu- 
lar reactions while still in bed during convales- 
cence has not been explored satisfactorily. 

As a second fundamental principle it must be 
emphasized that the functional effectiveness of the 
peripheral circulation involves more than blood 
vessels, their innervation and their reflexes. Re- 
turn of venous blood from the periiihcral vessels 
depends upon intra-abdominal and intra-tlioracic 
pressures and, particularly in balanced standing or 
walking, is hastened by the "muscle-pump” work- 
ing in association with the venous valves. The 
importance of avoiding stasis in the lower extremi- 
ties of bedridden patients, by means of deep 
breathing exercises and graded calisthenics in bed, 
is well established. Such muscular movements 
reduce significantly the incidence of postoperative 
thrombosis and pulmonary embolism. 

To this mechanism Henderson suggested adding 
a less obvious but more continuously acting pe- 
ripheral circulatory aid, termed by him variously 
as “muscle tonus, intramuscular pressure or the 
venopressor mechanism.” Tissue pressure, meas- 
ured directly by a needle inserted into the belly of 
biceps muscles of patients in bed, is lower than 
that of healthy young men. It is apparently low- 
ered by overbreathing, illness, hemorrhage, shock, 
dehydration, anesthesia and operations. It can 
vary widely from muscle to muscle and can be in- 
creased by muscular contraction, carbon dioxide 
inhalation, coramine, small doses of metrazol, ade- 
quate fluid.s and, according to Henderson, by small 
arnoimfs of str 3 ’ch»inn. MateclTand PetroJT have 
described the deleterious circulatory effects of 


grossly lowered muscle tone in Parkinson’s dis- 
ease, muscular dystrophy and peripheral neuritis. 
Relief of symptoms on standing was obtained in 
■ some of these patients by applying elastic band- 
ages to the lower extremities. Mayerson and Burch 
found that normal subjects who do not develop 
syncope usually show a more marked increase in 
“intramuscular pressure” when standing, while 
those who show circulatory embarrassment do not . 
show this increase. 

It is still difficult to distinguish cause and effect 
with certainty in this association because more 
adequate filling of the peripheral, vessels by dis- 
tant constriction, e.g. in the splanchnic region, 
might simultaneously increase venous return to 
the heart and improve resistance to standing. 
Simultaneously, venous filling and venous pressure 
being greater in the extremities, the tissue pres- 
sure might conceivably increase secondarily in 
muscle bundles enclosed by relatively inelastic 
fascial sheaths. ' 

Whether or not the mechanism is as simple and 
as completely peripheral as Henderson describes, 
the general concept gains considerable support 
from the value of early supervised exercises per- 
formed by patients while still in bed, and followed 
by the programs of calisthenics and “physical 
reconditioning” now established in many civilian 
and military hospitals (Rusk, Reid). These meas- 
ures, associated with mental reeducation to reduce 
anxiety and boredom have reduced hospital read- 
missions, sick leaves, and relapsing illness of con- 
valescents cn route to homo or camp. They have 
also increased the ability to perform full duty at 
once when patients arc returned to heavy, routine 
training schedules. 

Assignment of such exercises and urging or com- 
manding their performance places, however, upon 
the phj'sician an additional burden of responsi- 
bility which he does not need to assume when pa- 
tients are allowed spontaneously to do only as 
much as thej" feel impelled, or able, to do without 
specific recommendation. Such assignments re- 
quire careful estimation of the adequacy of the 
peripheral circulation at each stage of convales- 
cence. It has been emphasized' previohsly that 
convalescence is a part of each disease, not a syn- 
drome per sc. Each patient will therefore present 
in addition special broblcms depending upon past 
history, as well as upon medical, surgical, nutri- 
tional, neurological and psychological complica- 
tions. Under these circumstances, and particu- 
larly in prolonged convalescence, it is essential to 
avoid the temptation of regimenting daily pro- 
grams according to a rigid routine. Even in a field 
as restricted as the peripheral circulation, if the 
temptation of adhering to “routine measures” is 
not resisted the unquestioned beneficial effects to 
the majority will be more than nullified by the 
injury done to the minority. 
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NEUROMUSCULAR DENERVATION, ATROPHY AND REGENERATION 

II. M. HINES 

Department of Physiology, Stale University of Iowa, Iowa City 


This report will include a brief description of the 
changes that occur in skeletal muscles following 
the loss of their nerve supply and of the changes 
that take place in these muscles when they un- 
dergo regeneration subsequent to reinnervation. A 
somewhat more detailed account will be presented 
of me.asures which have been employed for the pur- 
pose of facilitating recovery from peripheral nerve 
injuries. Unless otherwise specified “denervation” 
as used hero, refers to a complete traumatic sepa- 
ration of the axones in peripheral somatic nerves. 
Most of the information concerning atrophy and 
regeneration has been drawn from the results of 
animal experimentation. There is a paucity of in- 
formation concerning these phenomena in man. 

Morphologic changes. An excellent account of the 
morphologic changes in muscle following denerva- 
tion has been reported by Tower (1). The gross 
changes consist chiefly of a reduction in the size 
and weight of the affected muscles. The relation- 
ship of the rate of weight loss in the donervated 
gastrocnemius muscle to time conforms to the 
equation for a reaction of the first order (2). Suffi- 
cient data are not available to allow comparable 
calculations of atrophy rates in the human and 
other muscles in animals. According to most obser- 
vations different rates of denervation atrophy 
occur in different muscles. It is possible that a 
careful study of the rates of atrophy of different 
muscles might reveal information concerning the 
fundamental causes of ati'ophy. 

Microscopic studies reveal a number of impor- 


tant and interesting alterations. The earliest and 
most conspicuous change is one involving a loss of 
cytoplasm from the muscle fibers. There is some 
evidence to indicate that the sarcoplasm is lost 
sooner or faster than the myofibrillar substance. A 
remarkable preservation of the cross and longi- 
tudinal striations occurs for a considerable period 
of time after denervation and the end-plates, on 
the whole, show relatively little atrophy. Both the 
extra- and intrafusal fibers undergo compar.ablc 
atrophic changes. There appears to be an increase 
in the number of nuclei as atrophy progresses but 
it is not clear to what extent this is due to an 
increase in total number of nuclei per muscle or to 
a concentration of the original number within 
smaller muscle fibers. The same uncertainty exists 
over the question of whether the increase in con- 
nective tissue represents a condensation of that 
originally in the muscle or whether new connective 
tissue has appeared. The studies based on analysis 
of muscles in different degrees of atrophy for so- 
dium, collagen, chlorides and water suggest that 
the major part of the increase can be attributed to 
relative rather than absolute changes. A late 
change after denervation can best be described as 
degeneration and accounts for the loss of a vari- 
able but relatively small mass of the muscle. The 
end result of denervation atrophj' appears to be 
the disappearance of tissue recognizable as muscle 
and the presence of fibrous tissue as the dominant 
structure. It has been established (1) that the- 
above mentioned gross and morphologic 



232 


FEDERATION^ PROCEEDINGS 


which occur when a peripheral nerve is severed are 
due to the loss of motor-nerve relationships and 
are not appreciably modified by the concomitant 
loss of autonomic and sensory innervation. 

Chemical changes. Skeletal muscle undergoing 
denervation atrophy exhibits numerous changes in 
its chemical composition (3). None of these 
changes are specific effects of denervation inas- 
much as similar alterations are found in atrophies 
resulting from causes other than denervation. 
Many of the changes in the concentration of mus- 
cle constituents arc attributed to alterations in 
relative amounts of muscle cell and non-muscle 
cell phases. The latter is represented by the extra- 
, cellular spaces, connective tissue, nerve and blood 
vessel structures. During atrophy the relative 
mass of the former progressively diminishes and 
that of the latter increases so that an analysis of 
an atrophic muscle reveals a higher concentration 
of the substances that are contained exclusively or 
largely in the non-muscle cell phase. This accounts 
largely for the increased concentration of fat, 
collagen, sodium and chloride. On the other hand, 
substances confined chiefly to the muscle cells such 
as total acid-soluble phosphate, adenosine triphos- 
phate, creatine, and potassium show a decrease in 
concentration because of a relative diminution in 
the mass of muscle cell substance. For a consider- 
able period of time after denervation there occurs 
no marked change in the concentration of most of 
the constituents peculiar to the muscle cell. A 
marked drop in glycogen concentration is apparent 
as early as 48 to 72 hours after denervation. The 
magnitude of the glycogen changes are such as to 
exclude phase changes as being accountable for 
any appreciable portion of such losses. 

The “in vitro” use of oxygen by denervated 
muscle has been found by a number of investiga- 
tors to be either unchanged or slightly increased 
when expressed on the basis of calculated muscle 
cell phase. The results of studies upon oxygen 
utilization “in vivo” have been undecisive and 
conflicting, chiefly owing to the difficulties of 
making accurate measurements of blood flow. The 
studies on enzyme concentration and activity in 
denervated muscle arc fragmentary. It is not clear 
whether tbe changes that, have been reported are 
the result of atrophy or pertain to its causation. 

FuncUonal changes. A number of characteristic 
functional changes are exhibited by muscles un- 
dergoing denervation atrophy. It has long been 
known that denervated muscle exhibits an in- 
creased sensitivity to galvanic stimuli and a re- 
duced sensitivity to faradic shocks. The often 
quoted statement that denervated muscle loses 
entirely its sensitivity to faradic current refers 
onlj' to conditions in which the stimuli are applied 
through the skin. More effective application of 
such stimuli to the exposed muscle will elicit a 


response as long as the tissue possesses contractile 
properties. Denervated muscles show a marked 
lengthening of chronaxie, a change which has 
proven to be a reliable diagnostic index for the 
presence of the denervation and reinnervation 
states. The twitch response of denervated muscle 
is slower and more i)rolonged than that of normal 
muscle. Measurements of maximal strength show 
that muscles undergoing atrophy are weaker than 
normal control muscles. The loss of strength is 
due in part to the presence of a smaller mass of 
contractile tissue, and in part to an impaired func- 
tional state in the contractile mechanisms of the 
muscle cell. 

Intravenous injections of acetylcholine will 
evoke a contracture response in denervated mus- 
cles shortly after the severed nerves lose their ex- 
citability. Muscles undergoing atrophy during the 
atonic periods following an upper motor neurone 
lesion and during immobilization by joint fi.xa- 
tion (4) also exhibit an increased sensitivity to 
acetylcholine but the thresholds of sensitivity 
are much higher than those for denervation 
atrophj'. 

The loss of motor nerve is followed by the ap- 
pearance of fine fibrillary contractions in the 
muscle. These contractions make their appearance 
soon after the degenerating nerve loses its ex- 
citability and persist as long ns the muscle retains 
contractile properties. They appear to be asyn- 
chonous contractions of either the fiber as a whole 
or a portion of its structure and fail to cause the 
development of any appreciable amount of tension 
by the muscle. It is believed that denervated 
muscle becomes sensitized to some substance in its 
environment. Acetylcholine and potassium have 
been suggested as agents responsible for the ex- 
citation of fibrillary activity. In any case the ap- 
pearance of this fibrillation is generally coincident 
with an acceleration of the degenerative changes 
in the muscle. 

In many instances denervated muscles have 
been observed to develop a static contracture or 
permanent shortening which is gradually lost 
upon reinnervation. It is not clear to what extent 
this condition is due to an actual shortening of the 
muscle fiber per sc or to the effects of attending 
fibrosis in tendons, fascia and joints. 

Following the severance of a peripheral nerve 
there occurs a vasodilation from loss of vasocon- 
strictor control which allows for an increased 
blood flow through the paralyzed muscles. Later 
there occurs a recovery of a portion of the vascular 
tone and a sensitization of the smooth muscle to 
certain substances in the blood and lymph. It is 
not known to what extent the individual com- 
ponents of the vascular bed are affected in the 
dilTercnl stages of atrophy. lUnccrtainfy exists as 
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to the cfTccts of fibrosis on the exchange of material 
between blood and cells. 

Rc-inncrvalion and regeneration. At the onset of 
function.al motor reinnervation the progress of 
atrophy is arrested and muscle regeneration is 
initiated. All muscle fibers arc not simultaneously 
reinnervated and some are destined never to re- 
establish neural contacts. Tiius, for a variable 
period of time, .atrophy and regeneration are con- 
comitant states in the same muscle. 

The phenomenon of nerve regeneration presents 
several interesting stages. The first is concerned 
with the growth of nerve tissue which serves to 
bridge the gap and reunite the peripheral and 
central stumps. This is accomplished by axone 
processes from the latter. Two conditions arc es- 
sential for optimal bridging of the gap. One is the 
-presence of a proper surface or interface for the 
guidance of the sheath cells and nerve fibers. The 
other is a scarcity of scar tissue whicli offers an 
impediment to orderly growth and results in dis- 
sipation through branching, straying, blocking or 
strangling. The detailed accounts of the surgical 
techniques which are employed to reunite the ends 
of severed nerves are beyond the scope of this 
report. It is pertinent, however, to refer to the use 
of plasma fibrinogen sutures (6), neural grafts and 
arterial sleeves (0) as ctTeolivo measures for pro- 
moting reunion of peripheral and central stumps. 
These techniques offer promise of allowing for an 
earlier and more complete reinnervation than is 
possible with stitch sutures. 

Adaptations for the reception of the budding 
axone processes have already been made by the 
time of their arrival at the peripheral stump. 
These consist in part of a degeneration and phago- 
cytic removal of the myelin and axone structures 
of the severed fiber and an organization and pro- 
liferation of the Swann cells. Under the guidance 
of the Swann tubes the flow of axoplasm is directed 
toward the peripheral structures. The pathways 
which are destined to be followed by regenerating 
motor and sensory processes appear to be largely 
determined by chance. Calculations reveal the 
rate of growth of the axone tip is not appreciably 
different in sensory and motor axones and that 
there is little difference between the rotes of 
growth in man and those in the dog, rabbit and 
rat. Moreover the rate of outgrowth is but little 
influenced by the length of the pathway and the 
age of the animal. The rate of forward advance of 
the axone tips has been found to be of the order of 
3 to 6 m.m./day. In most instances the appearance 
of nayeiin lags but little behind axoplasm outflow. 
The newly regenerated axone must undergo ana- 
tomical and functional maturation before re- 
generation is complete. The newly formed 
processes are of small diameter and conduct im- 
pulses at slow velocities (7). 


Upon nrriv.al at (he muscle fiber the regenerating 
nxonc tip makes contact with the sarcoplasm of 
an end-plate and after a short delay some degree 
of function is restored in the newly established 
neuromuscular relationships (7). Many fine ter- 
minals of axones miss the old cnd-platcs and 
contact muscle sarcoplasm at other points which 
soon develop into new cnd-platcs. Other terminals 
may fail to establish snrcoplnstic contacts. Even- 
tually sensory fibers which have followed old 
motor axono passage-ways degenerate and dis- 
appear. A similar fate seems to befall in most in- 
stances all but one motor axone wliencver reinner- 
vation of a muscle fiber by more than one axone 
occurs. The success in establishment of motor 
end-plntc contacts depends upon the extent of 
atrophy existingin tlic muscle (8). It would appear 
ns if fibrosis constitutes a barrier to the formation 
of successful contacts. Tliis fact points to the im- 
portance of an early and effective reunion of the 
peripheral stump in order to facilitate early rein- 
nervation and possibly to measures that m.ay bo 
taken to retard muscle atrophy prior to reinnerva- 
tion. Even under the most favorable conditions 
reinnervation is incomplete and some muscle 
fibers arc destined to undergo final atrophy and 
degeneration. The degree of failure is greater in 
cases where reinnervation is delayed and atrophy 
has progressed to an advanced degree. Remarkable 
instances of reinnervation and regeneration have, 
however, been reported for clinical cases after 
long-delayed nerve suture but the exact limita- 
tions of such possibilities h.ave not been fully ex- 
plored. Numerous attempts have been made to 
divert the bifurcating processes of regenerating 
axones to muscle which have permanently lost 
their original motor innervation. Some investi- 
gators report favorable results following such 
procedures while others regard their results as 
negative. Much more work must be done before it 
is possible to evaluate the practical significance 
of this mode of reinnervation. 

Attempts have been made to calculate the over- 
all rate of regeneration in peripheral nerves in man 

(9) . This has been done by dividing the estimated 
distance of the nerve lesion from the muscle by 
the time elapsing between the injury and the first 
reappearance of voluntary contractions in the- 
affected muscles. The average rate of recovery has 
been found to be about 1.5 m.m. per day. In spite 
of the numerous variables that must enter into 
such estimations it would appear as if such calcu- 
lations might offer valuable prognostic aids. 

The recovery of mass and strength by regenerat- 
ing muscle follows a fjiirly regular course if opti- 
mum conditions for reinnervation are provided 

(10) . Inasmuch as some fibers bail to become 
reinnervated even under the most favorable con- 
ditions, some degree of permanent atrophy is to 
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be anticipated after nerve injury. Following 
reinnervation the muscles rapidly recover 
strength. The rate of strength recovery closelj' 
parallels that of muscle mass. It is due in part to 
an increase in size of the muscle fibers and in part 
to- a recovery in the tension-producing capacity 
per unit mass of the muscle fiber. This recovery 
of strength is not paralleled by return of functional 
coordination (5). A muscle reinnervated from 
axones originally belonging to another muscle 
group continues to respond in phase with the 
latter. Many animals possess little or no capacity 
for reeducation and readjustment to such ab- 
normal situations. In man it is claimed that some 
readjustments can taken place but the possibilities 
appear to be limited. 

The fibrillary activity ceases promptly after re- 
innervation. The contracture response to acetyl- 
choline disappears later and more gradually. 
There is little information concerning the chemical 
composition of regenerating muscle. There occurs 
an increase in the creatine concentration by 
amounts which are commensurate with the rela- 
tive increase in muscle cell phase. The onset of 
reinnervation is accompanied by a rapid restora- 
tion of glycogen concentration to normal or above- 
normal values. 

Conditions affecting rates of atrophy and re- 
generation. Numerous investigations have been 
undertaken to determine the effects of various 
conditions upon rates of atrophy and neuromus- 
cular regeneration. Such measures have evolved 
largely from preconceived ideas concerning the 
fundamental cause of atrophy. The results of such 
studies have not always been consistent or conclu- 
sive. In this connection it should be pointed out 
that, where rates and extent of atrophy are esti- 
mated from the differences in weights of dener- 
vated and contralateral control muscles, valid 
conclusions can only be drawn if the experimental 
procedure itself exerts no appreciable effect upon 
the control member. It is important, therefore, to 
be sure that changes in the control muscle due to 
such conditions as growth, inanition and toxemia 
either were avoided or duly evaluated before at- 
tempting to draw conclusions as to the efficacy of 
any procedures. 

Langley (11) suggested that the weight loss seen 
in denervated muscle represented an overwork or 
exhaustion atrophy caused by the continuous 
fibrillation. The repeated administration of large 
doses of quinidine and atropine causes the abola- 
lion or inhibition of fibrillary activity without 
retarding the loss of strength or weight in the de- 
nervated muscles. In addition, the administration 
of atropine fails to exert any beneficial effect upon 
ncuronuiscular regeneration. On the other hand 
another group of drugs, including acetylcholine, 
mecholj'l, potassium and prostigmine, enhance ■ 


fibrillary activity without appreciably affecting 
rates of atrophy. It seems possible that a drug 
might be without effect upon the rate of muscle 
atrophy and regeneration and yet exert a beneficial 
effect upon the functional maturation of the re- 
generating tissues. y 

Attempts have been made to alter the course of 
atrophy through changes in the levels of vitamin 
intakes. Acute withdrawal of vitamins E and the 
B-complex group proved to be without significant 
effect upon the rate or extent of neuromuscular 
regeneration. The regeneration of muscle following 
reinnervation was found to be somewhat slower 
in guinea pigs subsisting on intakes of vitamin C 
recognized as suboptiminal for the organism as a 
whole. In the rat neither biotin deficiency nor 
excess intakes of biotin affected the rate of neuro- 
muscular regeneration. The effects of anore.xia 
and chronic inanition associated with subnormal 
intakes of some vitamins must always be evaluated , 
before drawing conclusions as to the rdle of vita- 
mins. The information at hand should not be in- 
terpreted as evidence that vitamins are unneces- 
sary for regeneration inasmuch as significant 
amounts are available from storage and bacterial 
sources, but rather that states of acute inanition 
and low vitamin intake can exist for considerable 
periods of time without appreciably effecting the 
state of regeneration. Moreover the results of ex- 
periments on neuromuscular regeneration in ani- 
mals have shown that excess intakes of vitamin 
B-complex group, ascorbic acid, biotin and alpha- 
tocopherol were without effect upon the velocity 
or extent of neuromuscular regeneration. It would 
appear that the level of vitamin intakes recog- 
nized to be adequate for the organism as a whole 
are also adequate for optimum recovery from 
peripheral nerve injury. 

Much evidence has been found to indicate that 
atrophy results, from the absence of tension de- 
velopment by denervated muscle. Bates of 
atrophy comparable to those following denerva- 
tion occur after tenotomy and during immobiliza- 
tion. These are conditions where neural contacts 
are preserved but a lack of tension development 
exists. Furthermore electrical stimulation pro- 
vides an effective means of delaying atrophy only 
if it is done under conditions which result in effec- 
tive tension development by the muscle. The rate 
of atrophy following tenotomy is not retarded by 
electrical stimulation. In this condition the mus- 
cles contract but fail to develop appreciable ten-_ 
sion during stimulation. It has been suggested that 
the energy levels and metabolites established by 
the chemical reactions associated with tension 
development may be necessary for essential 
anabolic processes in muscle. It is possible also 
that a certain amount of tension is required to 
maintain the proper alignment of the molecular 
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patterns in the submicroscopic structures of 
muscle. 

Immobilization of a dcnorvntod limb by braces 
or casts has been found to bo without effect upon 
the rate of denervation atrophy (12). This may be 
due to the fact that denervation alone permits the 
maximal degree of tension loss and inactivity. 
However, when the state of immobilization is 
maintained after the onset of reinnervation there 
occurs a retarded rate of recovery of weight and 
strength by the regenerating muscles. Thus it 
would appear as if the deleterious elTocts of im- 
mobilization are related not to greater rates of 
atrophy after denervation and slower nerve re- 
generation but rather to a failure of the reinner- 
vated muscles to undergo regeneration in the 
absence of tension. In addition, immobilization of 
a limb leads to atrophy in the non-denervated 
muscles. 

Considerable controversy exists as to the ef- 
ficacy of electrical stimulation in the retardation 
of atrophy. It would appear ns if many of the 
negative results were due to a failure to employ 
stimuli of sufficient strength to cause strong mus- 
cle contractions. Electrical treatment with shocks 
too weak to cause strong contractions liave proven 
■to be ineffective. Another variable must be con- 
sidered, namely the degree of stretch existing in 
the muscles during the time of their treatment. 
If a denervated muscle is weighted during the 
treatment period, the effects of electrical stimu- 
lation are much more pronounced than when less 


favorable conditions for tension development arc 
allowed. Although it is possible to retard atrophy 
by electrical stimulation, it is impossible to pre- 
vent a gradual decline in the strength of de- 
nervated muscle (13). That is, the treated muscles 
arc stronger than their untreated denervated con- 
trols but the increase in strength is duo a greater 
quantity of contractile tissue rather than to any 
irnprovetnent in fanctionnl quality. It was found 
that when the techniques of stimulation which had 
proved to be Very effective in retarding the 
atrophy of denervated muscles wore applied to 
normal muscle they very frequently caused some 
degree of atrophy and loss of strength. This ob- 
servation suggests that it m.ay be a fallacy to 
transfer techniques found effective for totally 
denerviited muscles to the treatment of regenerat- 
ing and parti.ally paralyzed muscles. A problem 
exists to find a non-injurious stimulus pattern 
which will be tolerated by the patient and still bo 
effective in retarding atrophy and facilitating re- 
generation of muscle. It shmild bo remembered 
that delay in alro])hy can only be of aesthetic 
value unless the muscle subsoepiently undergoes 
functional reinnervation. 

It is apparent that the information established 
largely from animal experimentation is, indeed, 
meager and incomplete. However, it is Imped that 
some facts and suggestions m.ay bo gleaned which 
will prove to be useful in the management of clini- 
cal cases of peripheral nerve injurj’. 
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GASTRO-INTESTINAL FUNCTION DURING CONVALESCENCE 

A. C. IVY AND M. I. GROSSMAN 
The Medical School, N orlhweslcrii Ihiivcrsily, Chicago, Illinois 


That the functions of the gastrointestinal tract 
are subject to derangement as the result of dis- 
orders in almost every other system of the body 
is readily apparent and well-knovn. Similarly, 
diseases arising primarily in the digestive tract 
frequently affect the function of portions of the 
alimentary canal other than those immediately 
involved in the pathological process. It is not, 
therefore, surprising that many of the problems 
which arise in the course of convalescence from a 
wide variety of, diseases are referable to the di- 
gestive system. 

Such secondary gastrointestinal malfunction 
arises mainly from viscero-visceral and somato- 
visceral reflexes. Thus, for example, a ureteral 
calculus may cause “dyspeptic” symptoms or 
dyskinesia of the colon, and pain arising in almost 
any part of the body inhibits gastric tone and 
motility. In addition the digestive functions may 
be disturbed by an altered blood chemistry or 
endocrine balance; thus “constipation” is a com- 
mon symptom in hypothyroidism. Finallj'^ circula- 
tory disturbances or the anoxia of severe anemia 
may alter gastrointestinal activity; the gastro- 
intestinal complaints occurring in cardiac 
decompensation are a familiar example. These 
secondary gastrointestinal manifestations are 
among the most common symptoms of disease 
anywhere in the body. Frequently they outlast 
the disease which gave rise to them; they then 
become problems in convalescent care. 

As regards gastrointestinal functions, convales- 
cent patients maj'- be classified into two broad 
groups. The first group consists of those patients 
who are recovering from diseases primary in sys- 
tems other than the gastrointestinal tract. A large 
number of these patients will present gastro- 
intestinal problems during convalescence, some 
will not. The second group consists of those 
patients who are recovering from gastrointestinal 
diseases. The majority of these patients will de- 
mand special attention to gastrointestinal func- 
tion during convalescence. 

An attempt to analyze and classify the gastro- 
intestinal problems peculiar to convalescence 
meets with certain obstacles. Pepper (1) has re- 
cently emphasized “a lamentable lack of real 
factual knowledge concerning the conditions 
which exist in the convalescent individual him- 
self.” Furthermore, since so little is known about 
convalescence in general, an even greater paucity 
of knowledge exists about the variations of the 
convalescent picture in specific diseases. Boas (2) 
has pointed out that the limitation of the concept 


of convalescent care to patients recovering from 
acute illnesses leaves without proper considera- 
tion the large group of persons recovering from 
acute exacerbations of ehronic illnesses. It is in 
this latter group that intelligent convalescent 
care can exert an important influence in the resto- 
ration of the individual to a useful place in the 
community and particularly in the prevention of a 
recurrence. There is little question, for example, 
that adequate convalescent care in the peptic 
ulcer patient can reduce the probability of an 
early recurrence. 

While it is evident from the foregoing intro- 
duction that a completely satisfactory analysis 
of gastrointestinal function in convalescence must 
await the accummulation of pertinent data, there 
are certain manifestations which occur with 
sufficient frequency in the general run of convales- 
cent patients to warrant special mention and a 
brief discussion. Among these manifestations or 
symptoms are anore.xia, flatulence, and “consti- 
pation.” It is immediately evident that such 
symptoms are not characteristic of convalescence 
but occur in the acutely ill patient as well as in the 
patient devoid of a history of acute illness. They- 
are symptoms which may plague the convalescent 
and physician and must be managed and corrected 
before the patient can be said to have returned to 
the healthy functional state. 

Anorexia. Hunger and appetite constitute the 
complex of sensation which induces, urges, or 
compels one to seek and ingest food. The two terms 
should not be used indiscriminately (3). 

Hunger in the child and adult is a complex of 
sensations consisting of general weakness, of ab- 
dominal emptiness, and of periods of epigastric 
tension or distress, which usually, but not always, 
induce a desire for food. Hunger in the recently 
born infant or decorticate animal signifies that 
state of restlessness which is due largely to im- 
pulses arising from the vigorous contractions of 
the fasting stomach and is dissipated by the inges- 
tion of food. Epigastric tension or distress dis- 
appears soon after food is ingested, the quantitj' 
required being proportional to the initial degree 
of gastric tension (5). Some normal persons retain 
a strong desire for food throughout a prolonged 
fast. Others develop anorexia after a three oi 
four da 3 '’ fast and arc bothered by nausea, head- 
ache and weakness, which probably are responsible 
for the anorexia. This point should be considered 
in convalescence, since, in the presence of good 
gastric lone, there is certainly no objeclion to 
“persuading” the convalescent to ca(.. 
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The caloric requirement appears to bo the most 
important factor determining the extent of hunger 
and the tension and motility of the stomach in 
fasting. Age is .also a f.actor. The evidence indicates 
that the decrease in gastric hunger motility with 
age is related to a decrease in caloric requirement 
and to biologic ageing of the gastric hunger mecha- 
nisms (3, 4). The gastric hunger mechanism is 
more readily inhibited and for a longer period of 
time in the aged than in the young adult dog (5). 

Many factors inhibit gastric tone and motility. 
They are too numerous to mention. Any disease 
usually abolishes gastric hunger motility and 
gastric secretion when the temperature rises to 
102° or 103°F. In the dog recovering from '‘dis- 
temper” the hunger motility may not return to 
normal until one or two weeks after the body 
temperature has returned to normal (5). Gastritis 
and mild infectious states without a rise in tem- 
perature depress but do not abolisli gastric hunger 
motility. Hunger motility is depressed rcflexlj’ by 
disease in various organs, by pain (0) and by 
cliangcs in the chemical composition of the blood 
(intoxications and cardiac decompensation). 

Comment. A consideration of the gastric hunger 
mecimnism in convalescence is important not only 
lioo.ausc Imnger usually Inoroasos the appetite, 
but .also because the rate of gastric evacuation is 
dependent on the lone and motility of the stomach 
(7). A convalescent patient will tolerate a large 
meal only if the tone of the stomach is normal. 
Nausea, vomiting and air swallowing with gastric 
distension are very likely to occur if the meal is 
larger than can be tolerated by an “atonic” stom- 
ach. A too high concentration of sugar and fat 
(10% or more in the case of a normal sedentary 
person) would favor gastric retention by excita- 
tion of the enterogastrone mechanism which de- 
presses tone and motility. In our opinion it is in- 
advisable to provide food too concentrated in 
fat and sugar or too large in quantity to be well 
tolerated at one feeding by the hypotonic stomach 
of a convalescent. Sound physiological judgment 
is required in ascertaining the most appropriate 
feeding technique for the individual patient. The 
most effective management of anorexia in the con- 
valescent is an individual patient problem. 

The best means for increasing gastric tone and 
motility is physical exercise. This would indicate 
that convalescent patients should use their mus- 
cles to the extent that is compatible with their 
condition, but not to the point of excessive fatigue 
which depresses gastric tone and appetite. A 
comfortable fatigue is the physiological degree of 
fatigue. 

Tlie most innocuous and best known means of 
artificially augmenting gastric tone and motility 
is the administration of insvlin (S). Insulin (10-20 
units 1 hr. before a me.al) does not scorn to h.ave 


been used extensively to increase food consump- 
tion in convalescence, although sovcrnl papers 
attest its value (9, 10, 11). It is well to keep in mind 
that insulin does not increase gastric tone in the 
presence of thiamine deficiency (12) and that in- 
fectious disease 1ms been reported to incrc.aso tlic 
need for thimnine (13, 14). More evidence is needed 
on this latter point. 

Thiamine deficiency is associated with anorexia. 
When the deficiency is complete, n marked depres- 
sion of gastric tone and motility occurs. When tlio 
deficiency is mild, gastric hunger contractions 
occur but the periods are shorter in duration and 
the usual tonus rhythm is diminished (15). A daily 
intake of O.G to 1.0 mg. of thiamine 1ms been ob- 
served by several groups of investigators to bo 
associated with diminished appetite in normal 
human subjects (IC). However, Keys and Ids as- 
soci.ates (17) have reported no decrease in appetite 
in normal subjects receiving 0,7 mg. daily for a 
period of 20 weeks. The exact nature or origin of 
the anorexia in thiamine deficiency is uncertain. 
Inasmuch as appetite is a subjective phenomenon 
and is therefore difficult to control, the extent to 
which the mild anorexia observed in certain ex- 
periments may bo duo to environmental factors 
other than a suboplimal intake of vitamin is a 
moot question. Apparently an exporiment Ims not 
been performed in which human subjects have been 
permitted to select at will a quantity of tldamine- 
freo food over a period of weeks or months to as- 
certain if the quantity of such food consumed will 
vary with the amount of thiamine administered 
in capsules. Nevertheless when convalescents 
manifest anorexia, the possibility that the 
tliiamino content of the diet may be too low for the 
patient’s need should bo considered. There is no 
evidence showing that the addition of thiamine or 
other vitamins to a diet already adequate will 
cause an increase in appetite or food intake (18). 

One of us (A. C. I.) has observed an increase in 
food intake after giving patients prosligmine for 
abdominal distension. Whether the increase in 
food intake was due to the relief from the disten- 
sion (19) or to the action of the drug on gastric tone 
and motility is uncertain. No data are available 
showing that prostigminc in doses (0.25 mg. every 
4 to 6 hr.) which cause no undesirable effects 
and when not used to relieve distension, will aug- 
ment hunger and food intake. 

There is a possibility that in some convalescent 
patients a typo of anorexia nervosa may develop 
which may be related to the intake of only smaJl 
meals over a period of several weeks. This sugges- 
tion is made because dogs with an isolated total 
pouch of the stomach, if the pouch is not well dis- 
tended daily, become intolerant to distension of 
the stomach, probably because the stomach does 
not manifest normal receptive relaxation (20). 
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For example, nausea and distress is produced 
when the stomach is distended with a volume of 
100 cc. whereas normally 500 cc. or more is 
tolerated without symptoms. 

A-ppetite is best defined as a conditioned or 
learned state of consciousness based solely on the 
memory of pleasant experiences which are associ- 
ated with eating and drinking, and creating a 
desire for food or a special item of diet. It is not 
appropriate here to discuss the problem of whether 
"salt hunger," "vitamin hunger," etc., are hun- 
gers or appetites. 

The fact that hunger may exist without creating 
a desire for food shows that the cerebral mecha- 
nism for appetite is disturbed. The fact that a 
patient may be in serious physical need for calories 
or even for salt in the presence of hypochloremia 
and yet not have desire for them shows that ap- 
petite is not a reliable guide in the management of 
convalescence. To what extent anorexia, when it 
occurs in convalescent patients, is due to a lack of 
gastric “tone" or to a disturbance of the appetite 
mechanism has not been carefully investigated. 
The consensus is that the anorexia is chiefly due 
to a disturbance of the appetite mechanism. Yet, 
we do not know enough about the return of the 
stomach to normality in the convalescent to be 
certain that a “psychologic” disturbance is chiefly 
concerned. 

Various forms of appropriate persuasion, sug- 
gestion and psychotherapy are usually practiced 
and are frequently successful when the "Art” 
is good. "Stomachics" or bitter tonics have been 
frequently employed for many years to increase 
appetite. Apparently only one thorough study has 
been made to ascertain whether bitter tonics 
actually increase the consumption of food. Moore- 
head (3) found they did in five hospitalized pa- 
tients with cache.xia and anorexia. Since bitter 
tonics do not augment gastric motility or psychic 
gastric secretion in normal patients, they only 
influence the appetite mechanism, perhaps 
through gustatory contrast. More evidence is 
needed; but the available evidence indicates that 
bitter tonics serve as an adjunct to psychotherapy. 

Flatulence. Some convalescent patients are 
at times disturbed by flatulence, either gastric, 
colonic or both. Occasionally a patient complains 
of distension of the stomach in which the stomach 
does not contain an excessive amount of gas and 
in which the stomach is hypertonic or the 
diaphragm is found at a lower inspiratory level 
than normal and the abdomen protruded, as 
in vomiting. Such patients believe they are 
"bloated” when they are not. 

It has been conclusively demonstrated (21) that 
the gas in the stomach is cither swallowed air or 
air aspirated into the stomach. This air, if not 
eructated, passes to the colon. Colonic gas arises 


from swallowed air or the fermentation of cellulose 
or of starch granules which have escaped digestion. 

Why the air is swallowed or sucked into the 
stomach is uncertain. If the esophagus is sectioned 
and the proximal end fistulized and the lower end 
closed, vomiting or salivation (a reflex associated 
with nausea or perhaps subthreshold excitation of 
the nausea mechanism) does not lead to distension 
of the stomach with air. Since the action of, the 
superior constrictor muscle of the esophagus nor- 
mally interferes with the passage of air into the 
esophagus during inspiration, it is possible that 
stimuli which decrease the tone of the stomach 
inhibit the tone of the constrictor so that air is 
swallowed or sucked into the stomach. On ap- 
propriate distension of the gallbladder in dogs, 
the stomach has been fluoroscopically observed to 
become distended with air without the occurrence 
of true swallowing (elevation of the larynx) (23). 
Cannon and Hedbloom observed distension of the 
stomach on irritating the cecum (24). When the 
gastrectomized dog retches repeatedly, the ab- 
domen may become enormously distended. 
Whether the superior constrictor of the esophagus 
relaxes as suggested, remains to be demonstrated, 
but that a loss of tone of the stomach predisposes 
to the aspiration of air into the stomach is certain. 
Wilson and Irving (22) have shown that certain 
positions of the body cause a subatmospheric pres- 
sure in the stomach and the same may occur when 
gastric tone is suddenly decreased. 

It is well known that eructation is facilitated by 
the erect posture. Increased activity and factors 
which increase the tone of the stomach should 
assist in the prevention of epigastric flatulence in 
the convalescent. Activity may be contraindicated 
in the early convalescence of the cardiac patient, 
a patient who, perhaps due to poor portal circu- 
lation, is frequently disturbed by flatulence. The 
mechanism of the action of carminatives, when 
they work, is not settled,- though Meyer, Scheman 
and Necheles (25) found that oil of peppermint 
speeds gastric evacuation, which indicates an 
increase in gastric tone. 

Though many physicians use in the post-opera- 
tive and early convalescent patient small doses of . 
magnesium oxide or some other laxative to prevent 
and treat colonic flatulence (which may .predispose 
to gastric flatulence by reflex inhibition of the 
stomach), it is established that purging the post- 
operative patient predisposes to flatulence (20). 
This is probably applicable to the convalescent, 
though no published evidence has been found. 

Alvarez (26) emphasizes the r61e that “specific 
food sensitiveness” may play in the causation of 
flatulence. He found milk to be a prominent 
offender. Foods such as beans, cabbage, and cauli- 
flower, which are notorious gas formers, should be 
avoided. Many patients, who for some unknown 
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reason arc predisposed to colonic flaUdcncc when 
not convalescent, on questioning will report those 
foods xvhich cause gas in their ease. 

CossTirATioN. The objectives are to maintain 
the caudalward gradient, to prevent impaction 
and stasis with the consequent reflex disturbances 
and predisposition to flatulence, and to restore 
the bowel to'normal function. Medicinal irritation 
is a poor substitute for physiological stimuli. 

The general asthenia associated with acute ill- 
ness and prolonged rest undoubtedly affect the 
musculature of the colon. Limited food intake 
associated with anorexia is an important predis- 
posing factor. The use of medicinal irritation or 
enemata during the preceding acute illness or post- 
operatively may disrupt the stool habit and de- 
velop dependence on an artificial means of pro- 
ducing a bowel movement. 

The indicated management is that usually em- 
ployed for an atonic or hypotonic colon. Physical 
activity by the patient should be encouraged up 
to the point of tolerance. This should operate to 
increase the intake of foods which serve as physi- 
ological stimuli. In the selection of foods which 
provide bulk one has to avoid those whicli pre- 
dispose to flatulence. This is frequently difficult 
to do in practice, and in such cases it may bo neces- 
sary to omit them and resort to the use of some 
medicinal irritant or an occasional enema. Thc- 


orotically some hygroscopic agent which ir- 
reversibly absorbs water and is not fermented or 
decomposed by bacteria would seem to be ideal; 
and several such agents are- available. However, 
these agents at times, when used by the convales- 
cent reduce the “space" for food by swelling in 
the stomach. In such instances, we believe that 
supplying food is the more important considera- 
tion and overbalances the criticism which may be 
leveled against such a laxative ns cascarn sngrada 
or an occasional isotonic saline enema. Otherwise 
the physiological management of atonic constipa- 
tion is so well known that further consideration is 
not indicated hero. 

SUMMAHY 

Although much remains to be learned about the 
physiology of the alimentary tract in convales- 
cence, it would appear that the general objective 
is to utilize those physiological procedures which 
promote gastrointestinal tone and motility and to 
resort to artificial aids as little as possible and only 
when clearly indicated. According to present 
knowledge the secretion of the digestive juices do 
not constitute a significant problem in convales- 
cence except in specific cases. Motor dysfunction is 
much more likely to bo the origin of disturbances 
in convalescence than secretory dysfunction. 


REFERENCES 


(1) Peppeb, O. H. P. In Convalescent care. 
New York Academy of Medicine, New York, 1940. 
(2) Bo.vs, E. P. In Convalescent care. New York 
Academy of Medicine, New York, 1940. (3) Cabi,- 
SON, A. J. The control of hunger in health and 
disease. Univ. of Chicago Press, Chicago, 1916. 
(4) Patteeson, T. L. Comparative physiology of 
the gastric hunger mechanism. N. Y. Acad, of 
Sciences, 1933. (5) Ivy, A. C. and D. V. Vloed- 
man. Unpublished. (6) Ivy, A. C. Am. J. Digest. 
Dis. 1: 845, 1935. (7) Ivy, A. C. and G. B. Fauley. 
Am. J. Phj'siol. 91; 206, 1929. (8) Quigley, J. P. 
AND E. I. Solomon. Am. J. Physiol. 91: 488, 1930. 
(9) Higgons, R. a. and E. O. Ostlund. J. Pediat. 
6: 495, 1934. (10) Bram, I. Arch. Pediat. 67: 448, 
1940. (11) Blotner, H. Med. Clin. N. A. 16: 
991, 1932; New England J. Med. 218: 371, 1938. 
'(12) Rose, W. B., C. J. Stocky and G. R. Cow- 
gill. Am. J. Physiol. 91: 547, 1930. (13) Elsom, 
K. 0., J. G. Rheinhold, J. T. L. Nicholson 
AND C. CjiOBNOCK. Am. J. Med. Sci. 203 : 569, 
1942. (14) Benson, R. A., L. B. Slobody, C. M. 


WiTZBERGER AND L. Lewib: J. Pediat. 20: 454, 
1942. (15) CowGiLL, G. R., H. J. Deuel, N. 
Plummer and F. C. Messer. Am. J. Physiol. 
77: 389, 1926. (16) Foltz, E. E., C. J. Barborka 
AND A. C. Ivy. Gastroenterology 2: 323, 1944. 

(17) Keys, A., A. F. Henbchel, M. 0. Nickelson 
AND J. M. Brozek. j. Nutrition 26: 399,1943. 

(18) Williams, R, R. and T. D. Spies. Vitamin 
Bi. Macmillan Co., N. Y., 1939. (19) Harden, 
P. A. AND E. G. Williamson. Surg., Gynec. and 
Obstet. 69: 61, 1939. (20) Ivy, A. C. and D. A. 
Vlobdman. Am. J. Physiol. 72: 99, 1925. (21) 
Wangensteen, 0. H. Intestinal obstruction. C. 
C. Thomas, Springfield, 111., 1936. (22) Wilson, 
M. J. AND L. Irving. Can. M. A. J. 25: 685, 1931. 

(23) Fishback, C. L. and A. C. Ivy. Unpublished. 

(24) Hedbloom, C. a. and W. B. Cannon. Am. 
J. Med. Sci. 108: 504, 1909. (25) Meyer, J., L. 
Scheman and H. Necheles. Arch. Int. Med. 
56: 88, 1935. (26) Alvarez, W. C. An introduc- 
tion to gastroenterology. Hoetier,New' York, 1939. 



240 


FEDERATION PROCEEDINGS 
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In the broad field of convalescence and rehabili- 
tation the damaged respiratory apparatus poses 
interesting and little explored questions. How- 
ever, sufiicient information is available to 
delineate an approach to this problem. The de- 
generative changes associated with aging and the 
destructive processes of disease result in a lower- 
ing of the respiratory reserve oftentimes neces- 
sitating economic and social readjustment. In 
addition, therapeutic measures may also seriously 
lessen pulmonary reserve. The large magnitude of 
that reserve has sometimes made us wasteful in 
our choice of therapy and has delayed the focus 
of attention upon industrial respiratory hazards. 
Even now it probably masks environmental dan- 
gers of which we are not aware. The lack of 
methods sufficiently sensitive to detect small re- 
ductions in respiratory ability accounts in a large 
measure for our difficulty with this problem and 
constitutes one of the major obstructions to the 
advancement and application of knowledge in the 
field of clinical respiratory physiology. 

Proper convalescence aims at preserving the 
largest pulmonary reserve possible. Rehabilita- 
tion on the other hand involves a readjustment to 
environment in order to prevent a further loss of 
pulmonary reserve, to increase existing reserve, or 
to adjust the daily breathing requirements to the 
capacity for breathing. To approach this problem 
one must not only assess the effect of age, environ- 
ment and disease (plus therapy) upon the 
respiratory apparatus but in addition determine 
the respiratory requirements of the various types 
of employment. 

Adequate ventilation of the blood requires that 
a sufficient quantity of air. be supplied to and 
properly distributed throughout the lungs, that a 
normal rate of gas diffusion across the membranes 
be permitted, that there be unimpeded flow of 
blood through the alveolar capillaries and that 
the nerve control of the apparatus be properly 
integrated. Available space will permit only a 
brief and incomplete discussion of these factors as 
observed in the aged and diseased. 

The maximum capacity for moving air through 
the lungs depends upon the patency of the tracheo- 
bronchial airway, yie resiliency of the structures 
which must change size and position during 
breathing, the power a'nd coordination of the 
respiratory muscles, and the size of the respira- 
tory pump. The voluntary maximum breathing 
capacity (Atemgrenzwert) introduced by Hcr- 
mannsen (1) is a far more useful and reliable index 
of available reserve breathing power than is the 


vital capacity which is a static measurement and 
neglects the all important factors of time and co- 
ordination. As in other systems, aging reduces 
resiliency and muscle power thus significantly re- 
ducing reserve breathing capacity. Actual destruc- 
tion of lung parenchyma must be extensive 
(perhaps one third or more of the total) before it 
noticeably impairs breathing reserve since the 
smaller pump will compensate within limits by 
moving at a faster rate. Hence many patients who 
have had surgery of the lung or chest wall are not 
problems of rehabilitation. On the other hand, de- 
structive disease involving the muscles of respira- 
tion, the mobility of the bony thorax or the elas- 
ticity of the pleura (fibro-thorax) is likely to 
reduce the reserve breathing capacity. This is 
due in part to the fact that purely parenchymal 
disease is usually localized w'hereas disease in- 
volving the bellows mechanism is apt to be wide- 
spread. Of greater importance however,, is the 
fact that over-action of the bellows can partially 
compensate for loss of parenchyma, while the 
reverse is not true since Jung tissue per se'is 
passive. 

The effects of extensive loss of lung resiliency, 
improper distribution of air within the lungs and 
possibL’’ impedance to pulmonaiy blood flow are 
classically exemplified by true generalized pul- 
monary emphysema. In an advanced stage, this 
disease disrupts every factor of pulmonary func- 
tion and is extremely crippling. Though ventila- 
tion defects do result in an alteration of the blood 
gases, they seem to make a minor contribution to 
the disability characteristic of this malady. 
Actually the earliest, most characteristic and most 
crippling feature is a reduction in the maximum 
breathing capacity caused by the loss of lung 
resiliency and spasm of the bronchial tree. Em- 
physema of a- similar pathological nature may 
complicate diseases like tuberculosis and silicosis 
that destroy lung tissue. Fortunately in most such 
cases the emphysema involves relatively little of 
the total lung. However, where this complication 
is widespread and severe both silicosis and tuber- 
culosis may exhibit marked disability. 

The breathing apparatus is also crippled by 
anything that directly or indirectly causes a re- 
duction of the power of the respiratory muscles. 
This type of impairment is subtle and has not re- 
ceived the attention it deserves. Therapy which 
limits physical exertion may at times so reduce 
muscle power that more liarm than good is ac- 
complished. For example, in some cases of pul- 
monary fibrosis or emphysema respiratory muscle 
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liypcrtropliy is oiio of the inechnnisms tlml com- 
poosalcs for flic ioss of pulmonary resiliency. 
Treating such c.ascs by confinement to bed or cur- 
tailment of physical activity causes muscle 
atrophy and invites further serious respiratory 
crippling. At times it is necessary to accept a loss 
of muscle power in the proper treatment of disease 
—fortunately the loss is nearly always temporarj’ 
and with exorcise power is regained. It is con- 
ceivable that the present trend toward mechani- 
zation with its concomitant reduction in physical 
e.xerfion has robbed man of one of his important 
compensating mechanisms. The use of exorcises 
directed .at incre.asing respiratory muscle power 
and improving the coordination of those muscles 
is to be encouraged. 

A priori one might expect unequal pulmonary 
distribution of the respired air to interfere with 
effective ventilation of the blood. Obviously a 
segment of lung, insufficiently ventilated in rela- 
tion to the volume of venous blood perfusing it, 
wilt act as n venous-arterial shunt .and m.ay 
actually cause a lowering of the peripheral arterial 
oxygen tension and a rise of the carbon dioxide 
tension. Sonne (2) has demonstrated that dis- 
tribution of inspired air in the normal lung is not 
uniform. Rocisen (3) and others iiavo shown that 
this effect is even more marked in emphysema. In 
the latter the uneven distribution is apparently 
severe enough to produce hypoxia and hyper- 
capnia at rest. The rare case has been demon- 
strated in which ablation of a well circulated but 
poorly ventilated lung segment has resulted in 
improved arterial blood gas tensions. Poor dis- 
tribution can be easily demonstrated in most 
cases of chronic pulmonary disease but it rarely 
contributes to disability because usually the 
poorly ventilated area is also poorly circulated. 
In some instances the blood vessels are actually 
obliterated by disease, in others a local vasocon- 
stricting reflex is suggested. Moreover, the low 
arterial oxygen saturation observed in these cases 
at rest is nearly always raised during exercise sug- 
gesting that the ventilation-circulation ratio can 
be improved. It remains to be demonstrated that 
poor lung mixing per sc plays a very significant 
part in respiratory disability. However, it should 
be borne in mind that an adequate maximum 
breathing capacity may be partly negated by the 
useless ventilation of a non-circulated segment 
of lung. 

The alveolo-capillary membrane has been impli- 
cated in respiratory disability but upon very little 
actual evidence. Observations of the pathological 
histology of the lungs in such diseases as silicosis 
and pulmonary tuberculosis led some to assume 
that arterial hypoxia should occur in these diseases 
but actually this is a rare ocourronoe. The thick- 
ening of the alveolar walls seen in both these 
diseases has little effect, for in the areas that are 


fibrosed flic pulmohnry vascular bod is also de- 
stroyed. Hypoxia at rest is observed only in far 
advanced fibroid luboroulosis or conglomerate 
silico.sis and in these cases poor mi.xing of lung 
gases is tliG more logical c.auso. If thickening of 
the membrane does le.ad to diffusion disturbances, 
exorcise should increase the bypnxia with less 
effect upon tlio arterial carbon dio.xidc tension. 
Such cases have been demonstrated, as for ex- 
ample pulmonnry scleroderma and the fibrosis 
resulting from exposure to irritant fumes. We 
recently studied such a ease, of unknown etiology, 
whose arterial oxygen saturation was 30% at rest 
and drojjpcd to 78% during moderately severe 
exercise. (Oxygen consumption 1835 cc. per min- 
ute; body weight 73 kilograms.) Breathing pure 
oxygen during this rate of exercise decreased 
his minute volume of breathing from 82 litons to 
54 liters. The arterial carbon dioxide content 
dropped from 38 volumes percent to 28 volumes 
percent during exercise, showing that onlj' oxygen 
diffusion was demonstrably interfered with. This 
man reacted to oxorcisc in every respect ns if ho 
were a normal man but working at a high altitude. 
Such c.ascs arc apparently rather r.are at present 
but should irritant gases bo used on n large scale 
in this war, one might reasonably expect the inci- 
dence to increase. More precise methods of study, 
perhaps along the lines of determining the diffu- 
sion constant for oxygen and carbon dioxide might 
bo of pr.acticn! v.aluo in those cases. 

Before one can rehabilitate an individual whose 
respiratory apparatus has been damaged it is es- 
sential to determine the cause and type of damage 
and to estimate the respiratory reserve that re- 
mains. The cause is usually apparent but it may 
remain obscure even after intensive study. The 
structures that have been damaged and the re- 
maining respiratory reserve can be demonstrated 
by available methods provided the damage is 
severe enough. The major symptom of respiratory 
damage is dyspnea or “an awareness of respira- 
tory distress” at levels of exertion previously well 
tolerated. This is a subjective phenomenon, often 
but not always associated with the signs of labored 
breathing. Dyspnea is related to one or all of three 
factors, namely, the demand for breathing, the 
capacity for breathing, and the sensitivity of the 
cortex to sensations of respiratory effort. It has 
been shown that dyspnea develops when the min- 
ute volume of respiration becomes 50-75% of the 
maximum breathing capacity. The variation in the 
dyspnea ratio from person to person and even in 
the same individual from time to time is due to 
differences in the cortical or awareness threshold. 
In abnormal states the threshold may be reduced, 
as for e.xample in the neurotic type of person who 
focuses his attention upon his breathing and be- 
comes dyspneic at very iow levels of e.xerfion in 
spite of normal breathing response and capacity. 
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TliG knowledge ihat one suffers from chronic dis- 
ease of the lungs directs attention to breathing 
and then dyspnea often develops at levels far 
below actual capacity for effort. Conversely the 
threshold is sometimes abnormally high in the 
busy, absorbed individual, who may breathe with 
difficulty and still not be sufficiently aware of it 
to complain of dyspnea. It is apparent that other 
stimuli reaching the cortex may, if strong enough, 
supersede or may intensify those of respiratory 
distress. The psychological influence upon dyspnea 
is extremely important. The factors of dyspnea 
and the degree to which each is involved can be 
determined by measuring the minute volume of 
breathing under the stress of e.xercise or whatever 
strain induces dyspnea and relating it to the 
measured maximum breathing capacity. The re- 
sultant dyspnea index 

minute ventilation 
maximum breathing capacity 

is a valuable tool with which to study the respira- 
tory apparatus. 

The respiratory response to the demand for 
breathing can be measured accurately by relating 
minute ventilation to oxygen consumption. The 
ratio varies in different individuals and even from 
day to day in the same person. Nevertheless, the 
•range is narrow enough so that dyspnea on the 
basis of an abnormal minute volume in response 
to work becomes very apparent. Available facts 
suggest that although over-breathing does occur, 
it is rarely the chief cause of dyspnea at sea level. 
On the other hand, physical exertion at high alti- 
tude produces over-breathing in normal indi- 
viduals which is a major factor in their dyspnea. 
This complaint, often encountered among laborers 
at high altitude is nearly always absent in the 
same men at sea level. The over-breathing ob- 
served during exercise in congestive heart failure, 
emphysema, fibro-thorax and silicosis offers a rich 
field for the study of the mechanism responsible 
for stimulating the respiratory centers. Conclu- 
sions from e.xperimcnts in which only one variable 
has been changed at a time are difficult to apply to 
these diseases where nature is changing several 
variables at one and the same time. 

A reduced maximum breathing capacity is the 
most common cause of dyspnea. The maximum 


breathing capacity can be determined with a 
reasonable degree of accuracy, the large persona! 
variations observed reflecting differences in muscle 
power and coordination. Because of these varia- 
tions and since the normal value for the diseased 
individual has rarely been established before his 
illness, it is difficult to estimate the true reduction 
in breathing reserve in a given instance. A strong 
element of incentive enters into this measurement 
as it does into all voluntary maximum per- 
formances. 

Efforts at “job analysis” (4) are being made 
which should be supplemented by actual measure- 
ment of respiratory requirements. A large field of 
useful and practical research is to be found in 
pursuing the study of correlating a man’s respira- 
tory capacity with the respiratory demands of a 
particular job. The knowdedge to be obtained is 
essential to the proper administration of the re- 
habilitation problem. Although mechanical meth- 
ods have greatly reduced the physical effort of 
the worker, jobs remain which require a fairlj' 
high level of energy output cither continuously or 
for short periods. The latter type is more numer: 
ous and more apt to be found in skilled trades. 
Age or disease ultimately reduces the capacity 
of these men for their jobs because they cannot do 
the severe work for the short periods; they are still 
capable however of doing other skilled work. It is 
now possible to estimate respiratory capacity with 
reasonable accuracy but very little information 
concerning the energy and breathing requirements 
of specific jobs is available. 

Two other problems merit attention whose solu- 
tion would be of iinmeasureable value in placing 
men at suitable work. First, the marked personal 
variation in susceptibility to “industrial pul- 
monary fibrosis” must mean in part a var 3 dng 
capacity of the lungs to protect and cleanse them- 
selves after exposure to inhaled fumes and particu- 
late matter. The mechanisms involved would 
appear to be a field of research within the province 
of the physiologist that might richly repay inten- 
sive study. The second involves the possible as- 
sociation between the strain put upon the 
organism by respiratory inadequacy and the de- 
velopment of fatigue. Perhaps we have been too 
concerned with the obvious and dramatic mani- 
festations of respiratory inadequacy and have 
neglected other more subtle evidences. 


REFERENCES 


(1) Hehmannsen, J. Untersuchungen ueber die 
maximale Ventilationsgroesse (Atemgrenzwert). 
Ztschr. f. d. ges. e.xper. Med. 90; 130, 1933. (2) 
Sonne, C. Modern views of the mechanism of the 
lung function and its significance to phj'siology 
and clinical medicine. Acta med. Scandinav. 90: 
315, 1936. (3) Roelsen, E. Fractional analysis of 


alveolar air after inspiration of hydrogen as a 
method for the determination of the distribution 
of inspired air in the lung. Acta med. Scandinav. 
95: 452, 1938, (4) Ph 3 ^sical demands and capacities 
analysis, (published by Permanente Foundation, 
Oakland, California) May, 1944. 



I-'IDDERATION PROCEEDINGS 


243 


POSTURAL AD-roSTMENTS IN CONVALESCENCE AND REHABILITATION 

F. A. 1IELLE13RANDT 

Section of Physical Medicine and the Department of Physiology, Univcrsily of Wisconsin, Madison 


There is nothing: in the extensive litcrnUire on 
posture indicating: that stance adjustments differ 
•lualitativcly from the normal in those con- 
valescing from diseases not directly involving the 
locomotor or nervous systems. Postural adjust- 
ments are almost wholly autonomous. They 
depend pre-eminently on a group of well inte- 
grated cord and brain stem reflexes elicited by 
stimulation of the general and special propriocep- 
tive receptors and cutaneous cxtcrocoptors (2S, 
31, 32). .Alignments thus automatically assumed 
may bo unconsciously modulated in response to 
afTcrent impulses received from the telcrcccptors. 

The most distinguishing gross physical char- 
acteristic of man is his bipedal mode of locomotion 
and the ease with which he assumes and maintains 
the wide variety of vertical postures with which 
all movements commence and cease. The goal of 
all standing positions is st.ability. Balanced pos- 
tures arc attained by readjusting the poise of the 
head, the curvatures of the segmented vertebral 
column, and the alignment of the multijointcd 
appendages until the vertical projection of the 
center of gravity of the body as a whole falls in the 
neighborhood of the center of the supporting base. 
Though complex in tolo, these adaptive adjust- 
ments ordinarily require no willed guidance. 
Indeed, so fundamental is the relation of the 
center of gravity of the body to the base which 
supports the whole, that it is little changed by as 
mechanically disadvantageous events as preg- 
nancy or the carrying of an Army pack (10, 20). 

Cortical control of standing supervenes when a 
deliberate selection of specific positions is imposed 
upon the subject, as for example, when natural 
standing is consciously altered to meet the 
arbitrary ideal known as the military posture. The 
same may be said of so-called “good posture” or 
"good body mechanics.” Although the esthetic 
ideal of correct posture is observed infrequently, 
few have suggested its modification (42). For 
decades the data from the group studies made on 
children and adults alike have been skewed toward 
the low side of scores yielded by a variety of meas- 
uring devices (5, 7, 17, 26, 36, 40, 43, 51, 54). The 
rarity with which “good posture” is seen, as a 
natural phenomenon in man, throws doubt on the 
validity of the concept. 

Relaxed and comfortable standing is nearly in- 
defatiguable (1^). It may be maintained for long 
periods of time with no more discomfort than that 
incidental to boredom. If uninterrupted for more 
than an hour, paresthesias of the feet may super- 
vene. When standing fails in the normal healthy 


individual, it docs so not for want of muscular 
strength or nervous control, but because of in- 
ability to compensate adequately for the hydro- 
static handicap to the circulation. The sense of 
weakness and discomfort which is associated with 
prolonged periods of rigid standing appears to be 
a prc-syncopal symptom rather than a manifesta- 
tion of fatigue metabolic in origin. 

The nicety with which the mechanical disad- 
vantages of the vortical stance arc compensated 
for is an impressive demonstration of man’s power 
of phj'siologicnl adaptation. The mechanisms in- 
volved arc among the most highly integrated and 
perfectly functioning in the human machine. In 
spite of these demonstrable evidences of the ade- 
(pmey of man’s protective devices, there arc those 
who assume that the human being is a mechanical 
misfit doomed to eventual dissolution because of a 
loosing fight against gravity. Goldthwaitc (12, 
13, 15) , Ilooton (22) , and Estabrooks (8) are among 
the most vigorous exponents of this theme. It has 
colored the whole literature on posture. 

All descriptions of good posture prescribe the 
fullest possible extension of the weight-bearing 
limbs and vertebral column (21, 33, 49). Particular 
attention is directed at reduction of the antero- 
posterior curves of the spine (41, 63). It is not 
always remembered that considerable variation in 
the depth of these curves is compatible with nor- 
mal function (44), and that their acquisition is 
a part of normal ontogenesis. Their appearance 
formed one of the most significant milestones in 
the evolutionary development of the species. The 
antcro-posterior curves give strength and supple- 
ness to the vertebral column. Rogers (41) ques- ' 
tions whether reduction of their natural depth can 
be maintained without constant conscious effort. 
Relaxation of attention is quickly followed by a 
resumption of previous alignment characteristics. 

Next in importance to the elongation of the body 
by full extension, is the position of the girdles. 
Since these connect the axial and appendicular 
skeleton, they have a mutually interacting effect. 
Thus the correction of postural adjustments fre- 
quently commences with an alteration in the in- 
clination of the pelvis which is associated in turn 
with concomitant changes in the alignment of 
contiguous parts. Since stable standing demands 
the maintenance of the vertical projection of the 
center of weight within the confines of the safe 
middle third of the supporting base, no individual 
part of the whole can be moved significantly from 
the anatomical position without evoking com- 
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Pensatory adjuslmonls whicli affect tlic mutually 
interdependent alignment of all other parts. 

Tlie postural adjustments of the young, aged, 
weak, sick, and dejected differ obviously from 
those of the healthy and vigorous young adult. 
They have one thing in common, submission to 
the pull of gravitational stresses. In these indi- 
viduals the equilibrating postural contraction of 
tlie antigravity muscles is insufficient to maintain 
the degree of extension characteristic of the young 
and the healthy. It has been assumed widely that 
the poor bodily mechanics incidental to such align- 
ments, expressed as augmented rotatory moments, 
increase energy metabolism so profoundly as to be 
a primary source of fatigue. At this point there is 
confusion as to whether lack of muscle strength 
is responsible for the malalignment, or whether 
the latter induces degrees of exhaustion which 
make the maintenance of strong extension im- 
possible. 

One of the most distinguishing characteristics 
of postural contraction as compared with the 
phasic contraction of skeletal muscle, is the econ- 
omy with which it may bo maintained for pro- 
longed periods of time without evidence of fatigue 
(2). No one lias yet succeeded in demonstrating 
that poor bodily mechanics augment energy 
metabolism significantly (27, 30). Increased 
rotatory stresses secondary to the assumption of 
mechanically poor postures are equilibrated with 
ease. To correct such stances would require tlie 
strong phasic contraction of the antigravity cx- 
tcnsoi's. Indeed, when “poor” postures are ex- 
amined from a biologic rather than a mechanistic 
viewpoint, they appear to be compensatory. Thej- 
are the stances requiring the least energy for 
their maintenance. 

Two additional arguments have been used to 
condemn mechanically poor postural adjustments. 
Since they throw the weight of superimposed parts 
on structures not suited to maintain them, they 
may give rise to a t)'pe of microtrauma which 
' may lead to pathological deviations from the 
norm.al which niajf be associated with pain. Thus 
the application of mechanical supports or devices 
aimed at a redistribution of weight, often relieve 
incapacitating discomfort.. Many so-called jioor 
postures are disfiguring without being the source 
of pain. 

Man}' years ago Goldthwaite postulated an ana- 
tomico-mechanistic basis for chronic ills related 
to the visceral functions (14). The literature on 
this subject is voluminous and uncritical. The flat 
' chest, abdominal visceroptosis, and crowding of 
the pelvic organs of the individual with poor 
posture are eredited with a leading role in the 
pathogenesis of innumerable diseases. This con- 
cept i.s based upon more or less tenuous evidence 
(C, 25, 29, 3-i, 37, 47, 4S), without regard for the 


wide margins of safety under which all organ sys- 
tems function, and the paucity of proof that the 
anatomical position of a viscus is a valid criterion 
of the adequacy of its physiological behavior 
(1, 3, 16). 

The rehabilitation of the postural adjustnienfi 
of the sick and injured gives rise to several funda 
mental problems whieh have yet to bo explored 
Those secondary to traumatic lesions of the bonj 
levers and their articulations are too individiiai 
for generalization. The orthopedic surgeon, the 
skilled craftsmen who construct orthopedic appli- 
ances, and the ph 3 'sical therapy technician form a 
team well equipped to handle these purely me- 
ehanical problems. How amenablepostural adjust- 
ments are to correction in patients suffering from 
functional diseases or psychosomatic disturbances 
is unknown. Long hospitalization because of de- 
bilitating intoxications, infectious, deficiency, oi 
metabolic diseases have a uniform effect on the 
postural adjustments. Inactivity is invariably 
associated with loss of strength and tone. The 
automatic compensatory' adjustments by' virtue of 
whieh the hydrostatic effect of gravity' on -the 
circulation is counteracted function so poorly that 
sudden transitions from prolonged recumbency to 
the vertical posture may end in syncope. The tech- 
nique of graduated change from recumbency' to 
standing is well known and needs no discussion. 
When there is partial or complete loss of function 
in largo musale masses, insufficient tonus may 
exist to prevent the pooling of blood in the 
splanchnic reservoir or the extremities. The appli- 
cation of an abdominal binder or of elastic band- 
ages to the supporting appendages may' then be of 
value. We have discussed the literature on gravity 
shock in detail elsewhere (19). 

Little has been written on the phy'siology of mo- 
tor learning. The re-education of semi-automatic 
postural adjustments in stance and locomotion 
when one or more of the appendages have been 
amputated is a fertile field for investigation. The 
reciprocal use of the limbs gives the adult amputee 
a life-time familiarity with symmetric kinesthetic 
patterns which arc precipitously' replaced by' pos- 
tural models defective in configuration. In addi- 
tion these may' be distorted by' the persistence of 
phantom limb sensations (52). How gaps in pro- 
prioception affect the acquisition of motor skills 
dependent upon bilateral limb use is worthy of 
study, especially in relation to problems of voca- 
tional rehabilitation. 

Lower *hiotor neuron lesions give rise to two 
types of problems which indirectly' affect postural 
adjustments; first, the preservation of dencrv.atcd 
skeletal muscle if regeneration is likely to occur; 
and second, the re-education of intact motor units 
and muscle groups when there has been a falling 
out of aggregates of muscular tissue. If muscle 



FEDERATION PROCEEDINGS 


245 


power is to be cither preserved or incrensod, intel- 
ligent nltention must bo given the selection of 
optimum rntes and duration of working. Every 
athlete knows that hypertrophy of inusclo and 
incrca,so in power result only from systematic 
repetition of bouts of work which exceed in sever- 
ity those which can be performed easily. This is 
known as the overload principle (4, 45). Fenr of 
fatigue renders inefTootive otherwise rational ther- 
apeutic exercise jirogr.ams. Fatigue is a reversible 
physiological phenomenon probably incapable of 
damage to muscle. The way in which postural exer- 
cises are administered suggests that when they 
result in stance improvement, this is due to the 
assumption of a more advantageous mechanical 
bal.ancD, rather than to increase in strength. 

The technique of muscle re-education is a topic 
of current controvcr.sy (11, 23, 39). The individua- 


tion of desired skills from ma.ss responses is the 
natural method of motor learning. The newer ap- 
proach consists of the meticulous building of 
increasingly complex patterns of movement from 
the carefully learned primary actions of isolated 
imiscle.s or small groups.' 

Poor posture was credited with responsibility 
for the breakdown of men under the stress of battle 
conditions during the last war (5, 9, 21, 35, 38, 40, 
55). This gave rise to considerable attention to the 
problems of body mechanics. As a result posture 
training has been praeticed extensively in the 
schools of this country during the interim between 
the last and the present war. Whether or not this 
has had a telling effect upon the bearing of our 
youth awaits full publication and study of the 
medical data of seleetivc service boards. 
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Physical therapy always has participated in the 
rehabilitation of the sick and the disabled. At the 
present time it constitutes an integral part of prac- 
tically all rehabilitation programs. Its importance 
in the treatment of wounded soldiers and veterans 
was fully appreciated by the medical profession 
during and following the last ivar. Marked ad- 
vances were made in the treatment of wounds and 
injuries by the application of physical therapy 
principles. Many of these principles were employed 
in definitive therapeutics and were further utilized 
during the period of convalescence. The use of such 
principles contributed to the establishment of 
maximum physical and psychological benefits 
which, when combined with supplemental voca- 
tional or professional training, qualified the indi- 
vidual to resume his economic and social responsi- 
bilities as a citizen in civilian societ 3 '. The earlier 
advances of physical therapy have been main- 
tained somewhat since that time but probably not 
to the high degree of development obtained at the 
close of the last war. New interest and an even 


greater appreciation of these principles have de- 
veloped during the current conflict. It seems very 
likely that noteworthy contributions will be forth- 
coming which will hasten and even e.xceed the ma.x- 
imum amount of rehabilitation obtainable a few 
years ago. 

Physical therapy may be defined as “the use of 
various kinds of physical agents and physical ther- 
apeutic procedures, such as light, heat, water, 
electricity, massage, therapeutic exercise, and 
manipulation in the treatment of injuries and dis- 
eases.’’ Even though physical therapy is one of the 
oldest branches of therapeutics, it has been only 
within recent years that serious efforts have been 
made to place it on a rational or scientific basis. 
Empirical usage has established a number of veil 
recognized therapeutic procedures and many of 
these are utilized by practitioners of all kinds as 
well as by the laity. It is a rather sad commentarj 
that the medical profession in general has been the 
last to fully accept physical agents as valuable 
therapeutic aids. Many members of the profe.ssion 
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have been, disinclined to take an active intevcsl in 
the development of a thorough understanding of 
the use of physieal agents. Had the same interest 
in physical agents been shown ns there was in drugs 
and related forms of medication, undoubtedly 
there would have developed in medical schools a 
branch of science comparable to that of pharma- 
cology for the study of the biological reactions of 
normal and diseased tissues to physical agents, 
and for the determination of dosage, tolerance, 
and dangers of physical agents. 

From what is known of the biological reactions 
of the body brought about by the action of physical 
agents, it may be said they arc similar to those 
which develop in response to drugs, namely ,stim\i- 
lation, depression, irritation and countcrirrita- 
tion. Physical agents which increase the activity or 
function of a tissue or an organ are said to stimu- 
late; those which decrease the activity or function, 
depress; those which sot up mild inflammatory re- 
actions, irritate; and those which produce homolo- 
gous reflex vascular changes in the deeper tissues 
are said to cause counterirritalion. Physical 
agents, like drugs, set up physical and chemical 
reactions in tissues; the emphasis of the former is 
perhaps on physical reactions, and that of the lat- 
ter on chemical reactions. Either or both types of 
therapeutic agents may give rise to local or general 
reactions. 

With regard to tlio administration of the various 
types of therapy, drugs and physical agents alike 
may be applied locally or generally. In the ease of 
drugs, general administration is usually adminis- 
tered internally, either parenteraily or orally, 
whereas in general applications of physical agents, 
they are applied externally. One of the outstanding 
differences between the use of drugs and physical 
agents is that of dosage. With drugs it is possible 
to give any measured quantity of medication in 
the form of a gas, liquid or solid, but as a rule, such 
is not the case with physical agents. The units of 
measure of physical agents are not readily handled, 
and it is impractical, therefore, to prescribe 
definite quantities of such things as heat, cold, 
light, or high frequency current. Dosage of physi- 
cal agents, for the most part, is established on the 
basis of the individual’s response. The conditions 
under which physical agents are administered have 
been established largely by clinical usage. It is the 
response of the tissue or organ to the physical 
agent which is the desired result. The end result 
may be the same as that sought by the use of a 
drug. The means of determining the reaction of the 
body or parts of the body to physical agents are 
exactly the same as those utilized in the determi- 
nation of the responses to drugs. The physiological 
reactions are as easy to evaluate, and sometimes 
much more so, than those brought about by drug 
therapy. In many instances the results of both 


types of therapy arc identical, and when combined 
may reenforce the reaction of each other. Not only 
the same tissue responses may be established with 
physical modalities, but they may bo obtained 
more quickly and may bo controlled more snlisfae- 
torily. In either ease when used in the treatment of 
diseased tissues, it is the utilization of the physio- 
logicnl responses which causes the functional res- 
toration of the part to its former state of structure 
and function. Both kinds of treatment are used for 
the purpose of re-establishing healthy homeostasis 
of bodily functions. 

From what has been said, it seems obvious that 
efforts should be made by medical soiontisls, medi- 
cal practitioners nnd particularly by medical 
schools to establish cither departments of bio- 
physics or separate departments of rcsoarch medi- 
cine comparable to pharmacology for the purpose 
of studying the different reactions of normal and 
abnormal tissues to physical agents. Clinical ro- 
scarcii should be conducted to appraise the more or 
less empirical methods which arc currently em- 
ployed in physical therapy. Efforts should be made 
to ninko the rationale of physical therapy parallel 
that of the scientific therapeutics now enjoyed by 
medicinal therapy. Fortunately, a number of 
prominent investigators and clinicians have be- 
come interested individually in this phase of 
therapeutics. They have contributed greatly to the 
knowledge of this subject. Many praiseworthy con- 
tributions have been made and physical therapy 
has gained wide recognition of its merits during 
the past few years. Its progress has brought about 
not only a better understanding of the fundamen- 
tal principles which are employed in therapy, but 
also in diagnosis as well. Many diagnostic proce- 
dures based on purely physical principles have 
been developed and are utilized by various medi- 
cal specialties. Other diagnostic procedures are 
employed more or less exclusively by physicians 
specializing in physical therapy. Both its progress 
and recognition have expanded so greatly that it is 
becoming recognized more and more as a specialty 
of medicine. There appears to be an active move- 
ment underway at the present time to consider 
physical therapy as a branch of specialized medi- 
cine and to change the name to “physical medi- 
cine.” In due time this achievement no doubt will 
be realized. 

Theuapetjtic agents. The common modalities 
utilized in physical therapy may be sumniarized as 
follows: (1) Heat (natural or artificial) supplied 
by the sun, carbon arcs, infrared generators, lu- 
minous heat lamps, hot packs, hot water bottles, 
electric pads, electric blankets, steam, hot water, 
e.xogenous heat of chemical reaction, diathermy, 
hot paraffin, poultices, hot compresses, mud, or 
various kinds of insulating material which serves 
to retain body heat. (2) Massage (superficial and 
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deep stroking, manual kneading or compression of 
soft tissues and frictional agitation of subcutane- 
ous tissues). (3) Hydrotherapy (hot or cold baths, 
contrast baths, whirlpool baths, Hubbard tub 
treatments, paraffin baths, ablutions, showers, 
douches, packs, compresses, steam baths). (4) 
Therapeutic Exercise (passive, static or muscle 
setting, assistive, active assistive, active, active 
resistive, sj'mmetrical and asymmetrical exercises, 
training in muscle coordination, posture training, 
muscle re-education, instruction and assistance in 
the use of various kinds of equipment provided by 
a medical gymnasium). The various kinds of e.ver- 
cise equipment ordinarily included are; pulley 
weights for the arms and legs, exercise mats and 
plinths, shoulder wheel, abduction ladder, rowing 
macbwejStationarybicycle, Kanavel table, posture 
mirrors, walkers, parallel bars, stall bars, Sayre 
head sling, foot and ankle exercise apparatus con- 
sisting of different kinds of rockers, incline planes, 
circumduction tops, and inversion treads. (5) 
Ultraviolet light (provided by sunlight or supplied 
either by the carbon arc or by hot or cold quartz 
mercury vapor lamps). (6) Electric currents sup- 
plied by galvanic, faradic or sinusoidal generators. 
These currents may be employed either for diag- 
nostic or therapeutic purposes. Galvanic currents 
used in electrophoresis are employed to introduce 
into the skin and subcutaneous tissues certain 
medicinal agents, such as histamine, mecholyl, 
epinephrine, nupercaine, copper, zinc, magnesium, 
sodium, iodide, or salicylate ions. Penetration of 
such agents is more rapid than that provided by 
topical application. This is especially true when it 
is desired to treat subcutaneous structures or 
deeply situated tissues of ulcerated areas. Dia- 
thermy (long and short wave) is used as a source of 
conversion heat. (7) Manipulative procedures com- 
bined with or associated with therapeutic exercise 
employ active or passive stretching of tendons or 
ligaments, realignment of joints, correction of 
abnormal stresses and strains exerted in various 
parts of the body by improving the body mechan- 
ics, recognition and treatment of functional 
imbalance of sjmmetrical muscles wffiich have to 
do with stance or locomotion. 

Physiological reactions to various thysical 
AGENTS. In the presentation of the physiological 
reactions of the body or parts of the body brought 
about by application of physical reagents, only the 
generally accepted principles will be mentioned. It 
is not' the purpose of this report to present contro- 
versial subjects or give the evidence for and 
against the different concepts. No effort wall be 
made to thoroughly and completely document the 
statements made, nor to supply concrete quantita- 
tive data to support the conclusions contained in 
the publications which have been used as source 
material. An effort will be made to present in more 


or less outline form what is believed to be the 
generally accepted physiological principles which 
have been established by various investigators. 

I/cai. Heat is a form of radiant energy which may 
be absorbed by or radiated from the surface of (.he 
body by conduction, convection or radiation. The 
portion of the electromagnetic spectrum usually 
considered as heat energy ranges from the begin- 
ning of visible light through the far infrared 
according to the following subdivisions: visible 
light 3,900 to 7,600 Au, near infrared from 7,600 to 

15.000 Au, intermediate infrared from 15,000 to 

30.000 Au, and far infrared from 30,000 to 150,000 

Au (1). 

The human skin behaves almost as a perfect 
“black body radiator" (2, 3). It radiates nearly all 
infrared rays (97 per cent or more) or absorbs to 
the same extent all of the heat rays which fall upon 
it (4). The most effective heat energy insofar as 
penetration and physiological reactions are con- 
cerned are those of the near infrared range. The 
wave length of the infrared emitted by the skin at 
the usual temperature (34°C.) is 94,400 AU (3). 
Owing to the high water content of tissues, the 
heat capacity is very high, and likewise, because of 
the extensive vascularity of the tissues, heat may 
be rapidly dissipated from a local area by means of 
the resultant increase in the flow of blood and 
lymph. , 

The local effects of the local application of heat 
may be summarized as follows (5, 6) ; With mild or 
moderate amounts of heat, there is a vasodilata- 
tion of the peripheral bipod vessels involving 
arterioles, capillaries and veins; these changes 
probably result from direct action of heat upon the 
blood vessels and reflex vasodilatation resulting 
from true autonomic refle.x responses. There is an 
increase in the rate and volume of blood flow, an, 
increase in the capillar 3 '- pressure which increases 
the filtration pressure and accelerates the fluid loss 
from the blood stream into the tissues, thus estab- 
lishing a tendencj'- to edema formation and an 
increase in the formation and the rate of lymph 
flow. Excessive heat actually leads to the produc- 
tion of edema and is iisually referred to as “heat 
edema.” There is an increase in the permeability of . 
the walls of the capillaries which permits varying 
amounts of plasma proteins to escape into the tis- 
sues. Numerous inactive capillaries open up and 
become markedly dilated. This vascular response 
results in the establishment of an erythema of the 
skin and an elevation of skin temperature., The 
resultant skin temperature is a temperature equi- 
librium established by a number of factors; 1, in- 
creased by heat absorbed from the exterior plus an 
increase of skin temperature as a result of vasodila- 
tation, and 2, decreased by heatloss resulting from 
radiation, evaporation and convection combined 
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with the dissipation of Itenl by llie blood and 
lymph. 

jtssociated with the elevation of skin tempera- 
ture is an increase in the metabolism of the subcu- 
taneous tissues. The local application of heat 
lowers the pH and increases the CO- and 0- ten- 
sion, When the blood is heated, the dissociation 
constants arc altered in such a way that proteins 
combine with base of sodium and potassium bicar- 
bonate, the CO- llui.s freed is added to the free 
carbonic acid originally prc.sent; the acidity i.s 
greatly incrc.ased (about 0.02 [ill units per HC. or 
l.S°F. rise), and the CO- tension is raised. The 
blood changes combined witli the increased forma- 
tiop of acid molabolilcs resulting from increased 
metabolism causes a significant increase in the 
acidity of the tissues. Tomijeraliiros between 
61.4°F. and J02.2‘'F. (7) cause the rate of 0: ex- 
change between the blood and tlio tissues to be 
increased, and the blood on entering the vein con- 
tains 50 to 65 per cent of its saturate value of 
oxygen. Above 102.2°F. the llotv of blood through 
the capillaries becomes so rapid that the blood 
entering the vein simulates arterial blood and con- 
tains 91 per cent of its saturated value of o.xygcn. 
The vascular and perivascular changes tliat occur 
in the tissues as a result of severe heat (above 
103°F.) bring about tissue reactions comparable to 
mildinfiammation. Temperatures c.xceoding 115“ P. 
augment these inflammatory reactions, and, if 
continued for sufficiently long periods of time, 
cause definite signs and symptoms which may be 
diagnosed as various degrees of burn. 

Prolonged and repeated applications of radiant 
heat to the skin also produce pigmentary changes 
(8). The skin may become somen hat darker and 
take on abrown mottled appearance. The physical 
and chemical reactions of skeletal muscle are al- 
tered by local application of heat. The changes in 
muscle behavior as recognized clinically are those 
of relaxation, increase in muscle power and in- 
crease in muscle coordination. 

The reactions to heat when applied locally are 
not confined to the local area. Reflex vasodilator 
changes oceurin the skin of other areas of the body 
causing an increase in skin temperature. Varying 
amounts of secretory activity of the sweat glands 
may accompany the vascular changes. Some of 
these reflex responses may be brought about by 
segmental autonomic reflexes, and others by the 
action of the elevated temperature of the blood 
upon the heat regulating centers of the hypothala- 
mus (preoptic and supraoptic regions) (9). Reac- 
tions of the blood vessels of the skin are associated 
usually with concomitant vasoconstrictor re- 
sponses of the vessels of the splanchnic area. The 
local lowering of capillarj- pressure in the blood 
vessels of the intestines facilitates the absorption 
of Water. 


Other systemic elTccls may be noted ns n result of 
local application of heat; the rate and depth of 
respiration may bo increased, the heart may be- 
come iicccleratod, there may be an iiicrcnsc in 
c.ardinc output, the pulse may become stronger, 
and the puksc i)rc.s,surc may increase. Changes simi- 
lar to tho.se which develop with generalized 
liypcrthennia l)ccome apiiaront if the local healing 
is continued for a long period of time. 

General heal. Ilypertbcrmi.a— artificial fever 
therapy. With gcncr.al healing there is an elevation 
of body temperature, an increase in metabolism of 
7 per cent irith each degree F. elevation of tem- 
pcr.aturo. The oxygen consumption may be in- 
creased 100 per cent or more with a rise of only 1“C, 
The heart r.ate may be accelerated from 100 to ISO 
per minute depeuding upon the individual’s 
reaction to heat, the degree of elevation of body 
tcmperalurc, and to some extent tlie method of 
heat application. The cardiac output may be 
incre.ased to ns much ns 100 per cent; the circula- 
tion time is reduced and tlie velocity of the blood 
stream markedly incrc.ased. The pulse volume and 
the total volume of blood flow to the extremities 
are increased. Other cardiac changes take place, 
such as shortening of the conduction time and 
alteration of the filling and emptying times of the 
ventricles (10). 

Changes in the blood include a reduction of 
blood volume owing to the loss of fluid by exces- 
sive perspiration; the blood constituents become 
concentrated os a result of anhydremia; the blood 
becomes more alkaline because of the formation 
of an uncompensated alkalosis resulting from the 
partial acapnia established by pulmonary hyper- 
ventilation. The pH may be increased to as much 
as 7.9. Leukocytosis ranging from 10,000 to 60,000 
per cubic mra. of blood usually develops, and there 
is evidence of increased hematopoiesis as shown 
by an increase in the number of young cells pres- 
ent in the circulating blood. Usually there occurs 
a relative increase in the neutrophils and a de- 
crease in the lymphocytes following fever ther- 
apy. The average increase of the neutrophils ac- 
cording to Krusen (11) is 25 per cent and the 
lymphocytes decrease 23 per cent. There is a 
serious loss of blood chlorides which requires con- 
tinued replacement in order to prevent the devel- 
opment of heat cramps. As a rule there are no 
significant changes of the nitrogenous constitu- 
ents of the blood. The COj tension of the blood 
may be reduced to 20 mm. or less. There is an 
increase in blood sugar, pulmonary ventilation 
may be increased from 5 to 6 liters per minute to 35 
liters or more, and the RQ is elevated above one. 
A rise of body temperature decreases gastric mo- 
tility, hunger contractions, gastric acidity and 
gastric secretion. Tliere is also a decrease in the 
secretion of bile and pancreatic juice. The urine 
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and lymph become more alkaline; there is an in- 
crease in the amount of sodium bicarbonate in the 
urine. Immunity reactions, both local and general, 
are said to be accelerated. Prolonged continuation 
of an elevation of body temperature by general 
heating ultimately gives rise to symptoms of cir- 
culatory collapse. 

Cold. Cold may be applied to the body cither 
locally or generally in the form of vatcr, ice, cold 
air chambers or cold packs. Varj'ing degrees of 
local refrigeration may be accomplished by the 
application of carbon dio.xide snow, liquid air, or 
other rapidly evaporating substances, such as 
ethyl chloride. To summarize the effect of local 
application of cold, there is a decrease in tissue 
temperature, a decrease in the rate of circulation, 
the volume flow of blood is diminished (cold re- 
duces the circulation to such an extent that the 
tissue temperature may be very little above that 
of the surrounding temperature). During the local 
applications of cold, the low tissue temperature 
remains more or less localized without producing 
any significant general effects; however, refle.x 
changes do occur in other parts of the body. Cool- 
ing of an extremity may cause similar vascular 
changes in the contralateral extremity and in the 
opposite extremities as well. The skin, subcutane- 
ous tissue and mucous membranes may exhibit 
reflex vasomotor changes in widely separated areas 
of the body; pelvic and abdominal viscera, such as 
the bladder and intestines, may contract. The vas- 
cular responses are believed to be brought about 
by direct action of cold upon the blood vessels, by 
reflex vasoconstriction, and by chemical vasodila- 
tor substances, histamine-like or H-substances. 

Exposure to temperatures below 64°F. produces 
secondary hyperemia. In such conditions there is 
an erythema of the skin brought about by an in- 
crease in the number of open capillaries, dilatation 
of arterioles and capillaries, and opening of 
arteriovenous anastomoses. There is an increase in 
the rate of blood flow through the vessels of the 
skin. Under such conditions the volume flow 
through the extremity as a whole may be reduced 
owing to the vasoconstriction of the vessels of the 
deeper tissues. The vascular reactions of the skin 
are said to be caused in part by axone refle.xes and 
in part by chemical vasodilator substances. 

Direct measurement of the penetration of cold 
into human gastrocnemius soleus muscles two 
inches beneath the surface by means of thermo- 
couples showed the tissue temperatures to fall 
from 95° to 75° or S5°, usually to approximately 
80° (12). The lowering of the temperature of the 
muscle was accomplished by placing an ice bag on 
the skin for 30 to 50 minutes . React! ve or secondary 
hyperemia may bo absent under certain condi- 
tions: 1, generalized chilling of the body or rapid 
lowering of the bodj' temperature so that contrac- 


tion of the small arteries may become the dominant 
action; 2, when the localized chilling is quite rapid 
or when the cold penetrates the tissues deeplj 
enough to cause constriction of the small arteries; 
and 3, when the sensory fibers in the arterioles have 
degenerated. Reactive responses to cold increase 
muscle tonus, causes shivering, increases the tight- 
ness of elastic tissues, causes Ieukocyto.sis, hyper- 
glycemia and an increase in oxygen consumption of 
the tissues in regions of the body not depressed by 
the direct action of cold. Phagocytosis is depressed 
and immunity reactions are retarded. In the ab- 
sence of adequate compensatory reactions, chilling 
the body lowers the leukocyte response, impairs 
phagocytosis, produces stasis and tissue anoxia. 

General cold. General application of cold maybe 
done by using either a cold room, special refrigera- 
tion machines, or ice packs. There results a full in 
body temperature to 90°F. or lower; such low body 
temperatures may be maintained for- days (13)1 
Metabolism is markedly depressed, the pulse rate 
is slowed, cardiac output is diminished, blood pres- 
sure becomes reduced to such a low level that the 
pulse may not always be detected, the peripheral 
veins collapse, and the apex beat diminishes to 
such an extent that it cannot be felt. There is 
marked depression of the central nervous s 3 'stem, 
and other systems of the body become markedly 
hypofunctional. 

Massage. The following physiological changes 
have been observed as a result of massage (14): 1, 
light stroking produces a transient dilatation of 
capillaries while heavier stroking brings about a 
more prolonged vasodilatation; 2, vigorous mas- 
sage causes no significant change in the hydrogen 
ion concentration of the tissue, and little, if any, 
alteration of oxj'gen consumption; 3, the red blood 
count becomes increased, the response being more 
marked in the presence of anemia; 4, there is an 
increased o.xj'gen capacity of the blood; 5, massage 
increases the removal of waste products from both 
normal and abnormal tissue. Exudates and extrav- 
asated blood resulting from injuries or fractures 
are absorbed at an accelerated rate; 6, it produces 
vasodilatation, muscle relaxation and sedation; 
7, it also establishes a tendency toward drowsiness. 
This latter effect is especially true when the mas- 
sage is light and rhj^thmical. It is obvious that the 
predominant effects of massage are on the nervous 
and peripheral vascular systems. The effects are 
those brought about by mechanical stimulation of 
the cutaneous and subcutaneous structures; (hey 
are both reflex and mechanical. Rhj'thmic applica- 
tion of mechanical energy to vascular structures 
provides an e.xtravascular pumping action upon 
the vessels comparable to that caused by active 
contraction of skeletal muscles. 

Hydrolhcrapy. The physiological effects of local 
application of hydrotherapeutic agents are princi- 
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pally those brought about by the application of 
heat, cold or mochnnicnl Rtimulaliou, Some heat 
modalities, such ns the whirlpool bath, combino 
the local effects of heal with those of tlic local 
effects of gentle mechanical stimulation. The two 
physical agents acting simultaneously reenforce 
one another in bringing. about muscular relaxation; 
their soothing sedative effects usually cause a re- 
duction of pain and discomfort. Contrast baths 
(alternate applications of heat and cold) cause a 
sequence of alternate stimulative and depre-ssive 
changes in the cutaneous and subcutaneous tis- 
sues. Sprays and douches of various kinds provide 
a method of applying strong mechanical stimula- 
tion to the skin. Generalized contrast baths in the 
form of a Scotch douche may be employed to elicit 
bodily reactions produced by a combination of 
heat, cold, and vigorous mechanical stimulation. 
Varying degrees of generalized bodily changes con- 
sisting of tonic or sedative reactions may be ob- 
tained by the proper application of hot or cold 
water at specified hj’draulic pressures. 

The initial temporarj^ reactions which result 
from the application of cold establish such phe- 
nomena as vasoconstriction of the peripheral 
vessels, pallor of the skin, shivering, increase in the 
respiratory and cardiovascular activities. These 
primary reactions arc usually referred to as the 
“action,” whereas the terminal secondary changes 
are referred to as the “reaction.” The “reaction,” 
therefore, results from the compensatory changes 
of the body in response to the primary cardiovascu- 
lar and other reflex changes brought about by the 
so-called “action.” The general effects upon the 
respiratory and circulatory system are similar to 
those brought about bj' the application of moder- 
ate cold (65°F.). 

'therapeutic exercise. The exact mechanism of 
shortening of the contractile elements of skel- 
etal muscle is still unknown. Extensive knowl- 
edge regarding many of the physical and chemical 
reactions responsible for the energy changes dur- 
ing muscular contraction and relaxation has been 
ascertained; to date, there has been very little 
practical application of this knowledge. Initiation 
of muscular contraction apparently begins either 
with the formation of a junctional potential or of a 
chemical transmitter, probably acetylcholine, at 
the myoneural junction; possibly a combined 
action of the two initiates muscular contraction. 
Clinical observations have showm that repeated 
contractions of loaded muscles (muscular contrac- 
tion against resistance) increase the size, power 
and efficiency of contraction. Regular exercise 
creates a feeling of e.xhilaration and improves 
muscular coordination. Over-exertion leads to 
fatigue. As yet there appears not to be any objec- 
tive physical or physiological sign which may be 
used to determine the op'timum amount of e.vercise 


which will provide iimxiiiml physical benefit with- 
out causing fatigue. A suitable physical sign or test 
of some kind would bo extremely useful in the 
treatment of parotic or paralyzed imiscles. 

The development of energy during severe mus- 
cular work has been determined to bo from 10 to 14 
calories per minute as compared to the basal level 
of one calorie per minute (15). Severe muscular 
c.xcrtioii causes a liberation of energy amounting 
to one calorie per second. The stimulating effects 
of e.vercise on the respiratory, cardiovascular and 
cut.ancous functions are well known. The investi- 
gations of Lindhard (16), Hill (17) and others have 
demonstrated a profound increase in the func- 
tional activity ofthesosystcniB. Forcxample, tests 
on human subjects showed that the oxygen con- 
sumption iiicrenscd from 250 cc. per minute to 
3,500 or 4,000 cc. per minute, and that the basal 
pulmonary ventilation increased from 4 to Oliters 
per minute to 100 or more. The stroke volume, car- 
diac output per minute, and o.xygon consumption 
of the heart were markedly increased even though 
little increase in the size of the heart occurred 
duringstrenuous o.xertion. Other tests showed that 
the maximum oxygen debt which the body is able 
to undergo is equivalent to somewhat more than 75 
calories. Mechanical efficiency usually varies be- 
tween 21 and 28 per cent. Training causes an 
increase in vital capacity of the lungs, and the 
range of pulmonary ventilation is increased. 

Widespread usage of the “rest cure” for the 
treatment of tuberculosis, certain neuropsychia- 
tric conditions, and for numerous orthopedic and 
neuromuscular abnormalities has been influential 
in obscuring the value of physiologic exercise. The 
indiscriminant use of prolonged bedrest , sometimes 
combined with rigid immobilization of different 
parts of the body, has led to numerous disorders 
which may be attributed directly to excessive 
inactivity of the tissues. A few of these abnormali- 
ties may be mentioned: Trophic disturbances of 
the skin, unsta))]e vasomotor reactions of the ex- 
tremities, weakened or abnormal cardiovascular 
regulation, disturbed functions of the gastro- 
intestinal tract, muscle weakness, muscle wasting 
and incoordination, abnormalities of posture, 
limitation of motion of joints, diminution in the 
elasticity and extensibility of connective tissue, 
osteoporosis of the bones, and disturbances of the 
functional control of the sweat glands. Many of 
these undesirable reactions could be avoided in 
patients by the judicious usage of the proper kind 
and the proper amount of therapeutic exercise. 

The importance of a specific program of physio- 
logic activity is becoming realized more and more 
by those responsible for the management of surgi- 
cal cases. The institution of specific programs of 
active e.vercise soon after operation has been found 
extremely useful in preventing postoperative com- 
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plications and in hastening postoperative recov- 
ery. Orthopedic, neurosurgical, an many other 
special or general surger^"^ cases are required to 
resume an active exercise program within a day or 
two following operation. Therapeutic exercises 
and reconditioning activities have proven to be 
e.xtremely useful therapeutic adjuncts in the post- 
operative care of many surgical patients. 

Ultraviolet light. The portion of the electromag- 
netic spectrum designated as ultraviolet light ex- 
rends from 3,900 to 1,800 AU. It is subdivided into 
two parts, namely, near ultraviolet radiation from 

3.900 to 2,900 Au and far ultraviolet radiation from 

2.900 to 1,800 Au (18). The actinic rays of sunlight 
are limited to the near ultraviolet light. The im- 
portant physiological and biological reactions may 
be outlined as follows (19^ : 1, antirachitic proper- 
ties (wave lengths from 2,800 to 3,200 AU) are 
brought about by the activation of sterols and the 
formation of vitamin D; 2, erythema (wave lengths 
from 2,800 to 3,200 AU and 2,400 to 2,700 AU) re- 
sults from photochemical actions within the skin 
which cause the formation of vasodilating sub- 
stances, probably histamine-like or H- substances; 
these may cause intense redness and localized 
urticarial reactions. The inflammation of the skin 
appears as a dermatitis, and various degrees of 
burn may be recognized with sj^mptoms ranging 
from a slight erythema to extensive vesication, 
desquamation, edema and pain; 3, pigmentation 
(wave lengths ranging from 3,800 to 3,000 AU) de- 
velops after a single intense irradiation or follow- 
ing repeated small e.xposures; 4, bacteriocidal 
effects — almost all bacteria are killed or attenu- 
ated when exposed to ultraviolet energy between 
the wave lengths of 2,000 and 3,000 Au. The wave 
lengths of maximum bacteriocidal efficiency lie 
between 2,400 and 2,700 AU. Inactivation of many 
viruses (tobacco mosaic, rabies, influenza, polio- 
myelitis), toxins (staphylococcus, diphtheria, 
tetanus), and bacteriophages takes place by expo- 
sure to ultraviolet wave lengths which are actively 
bacteriocidal. 

Effects on blood cells. There is an increase in the 
number of erythrocytes, leukocytes, and thrombo- 
cytes, an increase in the hemoglobin content, a 
temporary rise in the reticulocyte count, a relative 
lymphocytosis and eosinophiUa, and a decrease in 
coagulation time. 

Effects on circidalion. Blood pressure may be 
lowered, elevated or unchanged. Pathological hy- 
pertension is usually reduced. .Cardiac output may 
be increased. Intense irradiation may cause car- 
diac acceleration, and the pulse usually becomes 
fuller and stronger. 

Metabolic changes. Moderate irradiation in- 
creases endogenous nitrogen metabolism, dimin- 
ishes residual nitrogen, increases the excretion of 
uric acid, increases the fat content of the blood, the 


blood cholesterol, blood calcium and phosphorus, 
decreases the blood sugar and temporarily in- 
creases the basal metabolic rate. Repeated irradia- 
tion may cause a 10 to 15 per cent reduction of the 
B.M.R. The RQ may be increased to unity. 

General tonic effects of ultraviolet light (20) in- 
clude the development of a feeling of exhilaration, 
improvement in appetite, improved function of the 
gastro-intcstinal tract, increases mental alertness, 
and, as a rule, it has an analge.sic effect on painful 
areas. Overdosage of ultraviolet light may reverse 
these beneficial tonic effects. 

Acceleration of tissue repair. Wounds, indulent 
ulcers, health}' and infected granulation tissue, 
when stimulated or mildly irritated by ultraviolet 
light, usually heal more rapidly. 

Sensitization. The photodynamic action of ultra- 
violet light reacting with certain drugs, dyes, and 
pigments brings about a hypersensitization of the 
skin to actinic rays. This reaction must be borne 
in mind when treating patients receiving sulfanila- 
mide or related chemotherapy. Occasionally such 
patients develop severe photodynamic reactions. 

Electric currents. The electromedical currents 
employed in physical therapy may be divided into 
four different groups. 1, Direct current (gal- 
vanic). 2, Low frequency currents (faradic, sinu- 
soidal). 3, Static currents. 4, High frequency cur- 
rents. In general, the physiological reactions 
brought about by these different kinds of currents 
fall into three main groups, (a) Electrochemical— 
which includes such phenomena as electrolysis, 
polarization, and electrotonus; (b) Electrokinetic 
phenomena — stimulation causing an increased 
functional activity of tissues, direct kinetic .ef- 
fects of the electrical currents, and indirect kinetic 
changes caused by muscular contractions; (c) 
Thermal reactions. Some of the physiological 
responses to these various currents may be sum- 
marized as follows : Direct current (galvanic) gives 
rise to the following electrochemical effects: 

1, active hyperemia; 2, stimulation of sensory 
receptors producing a tingling sensation and a feel- 
ing of warmth; 3, increases acidity in the region of 
the positive pole, and alkalinity in the region of 
the negative, pole; 4, changes in irritability asso- 
ciated with anelectro tonus at the positive pole and 
catelectrotonus at the negative pole; 5, slight 
thermal effects causing a small elevation of tissue 
temperature; 6, reduction of pain associated with 
mild irritation and counterirritation; 7, electro- 
kinetic effects in the form of stimulation.of nerves 
and muscles when changes in the intensity of the 
current occur. 

Low frequency currents. Electrokinetic effects are 
caused by tissue stimulation and by indirect effects 
resulting from muscular contractions. 1, stimula- 
tion of sensory nerve endings, causes tingling and 
moderate burning sensation; 2; moderate vas- 
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omotor changes (usually vasodilation); 3, indirect 
thermal changes caused by muscular contraction. 

Static modalities. The predominant reactions aro 
the clcclrokinctic cfTccts, such as, 1, slimulntion; 
2, "intercellular massage” (resulting from me- 
chanical energy supplied by the impact of the 
electrical currents); 3, increase flow of lymph; 4, 
increase in the drainage of inflammatory exudates; 
5, sedative cfTect on pain receptors; 6, indirect 
kinetic effects resulting from muscular contrac- 
tions. 

High frequency currents. Diathermy is believed 
to cause only thermal effects. All physiological re- 
actions, such as vasodilatation, muscle relaxation, 
increased perspiration, and sensation of warmth, 
result from the conversion of the high frequency 
currents into thermal energy. 

Manipulation. By manipulation is meant the 
application of mechanical force to one or more 
parts of the body for the purpose of producing in- 
ternal changes either in the microscopic structure 
of tissues or in the alteration of their respective 
position to one another. The force of manipulation 
may be supplied by the person himself or it may be 
applied from some external source. The physiologi- 
cal responses are those brought about by altera- 
tions in tissue tension associated with the readjust- 
ments of stresses and strains. Other changes may 
result from the elongation of tissues, such as 
increase in the extensibility or an alteration in the 
elasticity. Concomitant vasomotor reactions may 
develop with changes in the status of the fibrous 
connective tissue. There may be a reduction of 
pain because of the release of abnormal tension 
exerted upon the pain receptors; this is frequently 
associated with a reduction of reflex muscular 
ripdity which may likewise cause a diminution of 
pain. The procedures which arc employed are 
those of active and passive stretching of abnormal 
muscles, tendons, ligaments and fibrous connective 
tissues. Correction of faulty alignment by means 
of improving the body mechanics relieves postural 
stresses. Reduction of dislocations or subluxations 
of joints either of the axial or appendicular skele- 
• ton may be employed when indicated. 

Rest. The physiological reactions of rest are 
those of decreased functional activity of the in- 
volved tissues. Some of the common manifesta- 
tions are muscle relaxation, decreased vascular 
supply, tissue temperature, secretorj' activity, 
receptor activity (causing adaptation and a reduc- 
tion of pain if pain is present), and tissue metabo- 
lism. It is employed therapeutically, 1 , to facilitate 
tissue repair; 2, to provide protection against 
internal and external mechanical forces; 3, to 
diminish tendency to edema formation; and 4, to 
aid in the reduction of joint effusion. 

Some of the therapeutic principles used in 
PHTsicAL THERApr. The following is a brief sum- 


mary of some of the Ihcrnpoulio principles based 
upon physiological reactions of tissues to pliysical 
agents: 

A . Reactions of heat, either moist or dry : 1, the 
vasomotor responses increase the circulation and 
nutrition of the tissues; 2, tissue metabolism is 
increased; 3, there is usually muscle relaxation; 
4, reduction in muscle spasm; 5, there may be a 
diminution of swelling, although not infrequently, 
heat augments swelling especially if the part is 
dependent and there is some injury to the tissue. 
The undesirable effects of edema and swelling may 
be offset by employing elevation of the part, mas- 
sage and active c-xcrcises, 

B. The most beneficial reactions of massage are 
those of: I, muscle relaxation; 2, vasomotor reac- 
tions which increase the nutrition and blood sup- 
ply to the tissues; 3, increase in the venous and 
lymphatic dr.ainage which combats vascular 
congestion and edema; 4, mechanical enery ap- 
plied to combat fibrosis and the development of 
adhesions. 

C. Therapeutic exercises are employed; 1, to 
reduce tissue swelling; 2, hasten tissue repair; 3, 
improve the tonus of skeletal muscle; 4, counteract 
the development of muscle weakness and muscle 
atrophy. 

D. Ultraviolet light may be used for: 1, its anti- 
rachitic, metabolic, photochemical, and bacterio- 
cidal properties; 2, it is beneficial in treatment of 
wounds and skin diseases; 3, it may be used as a 
tonic or as a general metabolic stimulant to in- 
crease bodily resistance to infections. 

E. Preventive therapy utilizes active exercises 
to maintain maximal functional activity of the 
non-injured or non-diseased parts of the body. 

F. Manipulative procedures are employed: 1, to 
overcome contractures; 2, to overcome limitations 
of joint motion resulting from adhesions or from 
functional or structural changes in the soft tissues 
surrounding joints; 3, to improve faulty alignment 
by means of the application of cervical traction or 
by manually correcting faulty malpositions of 
joints of the extremities, sacro-iliac or vertebral 
joints. 

G. Rest: Limitation of motion of movable parts 
may be provided by means of compression band- 
ages, splints, braces, elevation boards, or casts. 
This phase of treatment is usually provided by the 
orthopedic service. 

Diathermy is employed as a form of heat. The 
thermal changes develop because of the formation 
of conversion heat in the deeper tissues of the 
body. This provides an excellent source of heat for 
the deeper tissues, such as muscles, tendons, 
bones; sub-acute and chronic inflammatory dis- 
eases of 'the deeper tissues, such a.s arthritis, 
cellulitis, chronic pelvic inflammatory diseases are 
successfully treated with this type of heat. Certain 
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acute infections, such as lymphangitis, lympha- 
denitis, furuncles and carbuncles usually respond 
quite satisfactorily to diathermy. Repair of bony 
tissue may be assisted in conditions where the 
regenerative powers of the bone are abnormal 
(delayed union, non-union). 

Diagnostic 'procedures. The diagnostic proce- 
dures commonly employed are those of electro- 
diagnosis and of voluntary muscle testing. They 
are employed in the study of the central nervous 
system or peripheral neuromuscular system. Test- 
ing cutaneous sensibility is carried out in order to 
correlate the sensory disturbances of the skin with 
the alterations of motor function. The information 
supplied by such tests is useful particularly in the 
treatment of peripheral nerve injuries. Posture 
examinations are made, 1, to detect abnormalities 
of body mechanics; 2, to determine the presence or 
absence of abnormal tensions of soft tissues; 3, to 
locate the abnormal stresses which are e.xerted 
upon the ligaments, tendons, and joints; 4, to 
evaluate the relative power of the skeletal muscles 
of the body; 5, to ascertain the limitations of mo- 
tion of the different joints of the body; 6, location 


and detection of muscle tenderness, soreness, 
rigidity, presence and distribution of referred 
pains also are included in the realm of diagnostic 
procedure in the field of physical medicine. 

Current conception of the r6lc of physical therapy 
in rehabililalion. It is believed that physical ther- 
apy can participate most effectively in rehabilita- 
by utilizing the following procedures: 1, institute 
physical therapy treatment as soon as possible; 
2, treat the individual as a whole which means 
treating the psychological aspects of the patient’s 
disabilities as well as the physiological and patho- 
logical processes; 3, in prescribing physical ther- 
apy treatments, make use of principles which are 
based on physiological reactions of the body, and 
outline a treatment program which is best suited 
to correct the individual and collective abnormal- 
ities of the person; 4, co-ordinate and integrate the 
physical therapy treatment program with other 
types of treatment. When the above-mentioned 
procedures are followed, physical therapy will con- 
tribute maximum service to the rehabilitation of 
the individual. 
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KURT GOLDSTEIN 

Tufls College Medical School, Boston, Massachusetts 


There is scarcely any typo of organ .injury in 
which rehabilitation of the disabled individual 
must bo undertaken in so specific a way and with 
such close adjustment to the individual ease ns in 
brain injury. From the outset, the questions to be 
kept in the foreground arc whether, and in what 
degree, the disturbances of performance can be 
reversed; what can be done to promote spontane- 
ous restoration; and, if a full restitution is not to 
bo expected, how we should proceed with retrain- 
ing of the patient. Thus the problem as to the 
capacity of the brain for anatomic or functional 
restitution occupies the center of interest. 

We are not at all well prepared to solve this 
problem. This may appear astonishing in view of 
the enormous body of facts that has been collected 
by physiologists and clinicians. The main reason 
for this lies, I think, in the concentration of inter- 
est on the problem of localization and the attempt 
to establish correlations between definite symp- 
toms and definitely circumscribed areas in the 
cortex. The functional relationship between the 
two has been left to more or less speculative theory 
that did not include the function of the brain in its 
entirely. 

Consideration of this factor immediately focuses 
attention on the dynamic nature of all perform- 
ances and of symptoms insofar as they constitute 
an expression of the attempt of the organism to 
come to terms with an outerworld situation. Con- 
sequently it will be understood that before con- 
sidering rehabilitation we must discuss the general 
problem of the origin of'symptoms and of restitu- 
tion in brain damage. The point of view assumed 
here has originated from observ'ation of the beha- 
vior of a large number of patients with brain 
lesions and injuries of varied extensions and 
localization. 

In my presentation I shall refer a great deal to 
my own experiences. I feel a little uneasy about it, 
but the limitation of space at my disposal does not 
permit me to refer to all of the literature; on the 
other hand, such a restriction is justified in view of 
the fact that this symposium is intended to present 
an informal discussion of the problem rather than 
a historical review of the data of the field. 

A. The origin and classification of symptoms in 
brain damage. The symptoms we observe in damage 
of the central nervous system are not at all simply 
manifestations of changes in definite functions 
and structures. Analysis of the symptoms (11) 


causes us to distinguish between the following 
groups: 

I. Symptoms which represent direct sequelae of 
impairment of the substratum and consist of de- 
fects of performance. These are the negative symp- 
toms of ITughlings Jackson. 

It was long believed that an}’- performance might 
be lost or impaired, and this depended simply on 
where in the cortex a lesion was situated. In gen- 
eral this is true. A lesion of the posterior central 
convolution, produces sensory loss; a lesion of the 
.anterior central convolution, disturbance of move- 
ments; a lesion of a particular part of the left third 
frontal convolution, language difficulties, etc. But 
this interconnection falls short if wo consider the 
disturbances more carefully'. In cases. of lesion of a 
“sensory” or “motor” area, the relevant perform- 
ances do not drop out uniformly. The lesion pro- 
duces elTccts according ton characteristic selective 
process. The sequelae of a cerebral lesion rarely 
take the form of a complete lo§s of performance; 
more commonly the performance affected under- 
goes modification. This modification is a result of 
a systematic disintegration, of the concerned 
function (Hughlings Jackson). Structurally, this 
disintegration invariably exhibits the same fea- 
tures, whatever region is involved, be it the spinal 
cord, the subcortical apparatus and regardless of 
whether reflexes, motility', speech, thinking, or 
feeling is concerned (cf. 0, p. 28). The typical form 
of this disintegration has been traced to a mass of 
diverse sy'mptoms. Only through appreciation of 
this form can we understand the symptoms. It is 
necessary, therefore, to discuss it here, though 
only in the broader outlines, which may be formu- 
lated as follows; 

1. All direct damage causes a rise of the thresh- 
old and retardation of excitation. The receptivity 
of the patient is reduced. It takes him much longer 
to react. This usual change manifests itself in the 
fact that patients may succeed perfectly in a task 
when given sufficiently long exposures, but fail in 
the same task with brief exposures, i.e., when 
• examined by the tachistoscope. Thus the tachisto- 
scope becomes an important instrument for reveal- 
ing impairment (cf. 7, p. 99). 

Prolongation of time of stimulation does not 
always bring about improvement of performance. 
The patient may perceive if the stimulus is strong 
enough but after a certain time he may cease to see 
the object in spite of continued stimulation. Later 
the object may appear again. It seems that the 
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deviation from the normal and of their own state 
prior to injury. They may have , compensated in 
their attitude and.behavior in such a way that the 
defect causes no difficulty at the moment. A pa- 
tient who had been shot through the chiasma opti- 
cum was at first totally blind. As long as this lasted 
he w'as unaware of being blind. He used to talk of 
visual things like any seeing person; he was quiet, 
his behavior was orderly, and one could see that he 
managed to get along without difficulty in the 
hospital environment. Later his injury improved 
and he regained sight to a certain degree. Now he 
became upset: he sought to orient himself by 
means of sight, but failed, owing to its imperfec- 
tion. He was thus less well adapted to his world 
than he had been when blind. Now, for the first 
time, he spoke of something not being right with 
his vision, and this previously reasonably con- 
tented man dropped into a state of depression. 
“What’s to become of me if I can’t see?’’ he w'ould 
cry.' 

Adaptation with loss of aw'areness of the defect 
occurs without the patient’s being conscious of it. 
The following is an example of this: A patient of 
mine suffering from visual agnosia could not 
recognize a single letter visually. Yet he could 
make out the meaning of words, by w’ay of kines- 
thetic experiences gained through tracing the seen 
lines with movements of his head. The modification 
of behavior w'hich helps to avoid catastrophic 
conditions finds its most salient expression in per- 
sons having major defects. 

In severe lesions of one side of the cerebellum, we 
may find a “tonus puli’’ of the body toward the 
diseased side (cf. 11). All stimuli which are applied 
to this side (stimulation of the vestibulum, the 
skin, the eye) are met wdth greater intensity in 
comparison to the effect of stimulation of the heal- 
thy side. This abnormal “turning toward the stim- 
ulus” (cf. 0, p. 118) leads to abnormal deviation in 
walking, falling, pasl-pointing all toward the 
diseased side. Usually these patients display, if not 
stimulated, an abnormality of posture in the form 
of tilting of the body, especially of the head. Sub- 
jective as well as objective disturbances immedi- 
ately appear (falling to that side, etc.) as soon 
as the patient resumes the “normal” position of 
the body. Apparently the abnormal posture repre- 
sents an adjustment of the organism to the defect 
(the abnormal pull towards the one, e.g. left side) 
and a new slate of order which guarantees normal 
functioning. The organism is able to utilize more 
, effectively its remaining capacities. This compen- 
sation is brought about in one type of case by tilt- 
ing of the body toward the diseased, in another 
toward the healthy side. (Poetzl, Goldstein.) We 
can state the facts by saying: in the first case the 
organism found a new order by yielding to the 
tonus pull, while in the second it chocked the effect 


of the tonus pull by producing a pull in the oppo- 
site direction, (cf. 17.) , 

B. The procedure of rchahilitalion in relation to 
the various forms of symptoms. The discussion of the 
origin of deviations from the normal in a defect of 
the brain has revealed that a definite abnormality 
is not at all simply a direct consequence of the lat- 
ter but an expression of the struggle of the particu- 
lar individual with his defect and his attempt to 
perform as well as possible the tasks arising from 
the environment. This aspect must determine the 
direction of our procedure in retraining and re- 
habilitation. 

Before we begin with retraining w'e want to know 
to what degree spontaneous restitution has oc- 
curred or can be expected to occur. Our discussion 
of the origin of symptoms will make us cautious in 
our judgment about this point. Restoration of a 
performance may be the effect of a new' organiza- 
tion by adjustment to the defect which in itself is 
not improved at all. This is of the utmost signifi- 
cance for the question of localization. Such a 
pseudo-restitution by adjustment does not allow 
us to assume that another part of the brain has 
taken over a function to which it w'as not related 
before. 

As to retraining we shall be inclined to follow the 
w'ays in w’hich the organism spontaneously brings 
about improvement of performances by adjust- 
ment to the defect and to help the individual to 
enforce the natural procedure. This is often the 
correct w’ay to improve a particular performance. 
But it will not always bring about the best result 
in rehabilitation. Spontaneous improvement of 
some performances by adjustment w'ith the help of 
protective mechanisms may allow the use of a 
capacity only under certain conditions. That may 
incapacitate the man in work which he is able to 
fulfill but cannot because this condition contra- 
dicts the w'ork. Then a better result will be reached 
if W'e teach the man to renounce some of these pro- 
tections and induce him to use his remaining 
capacities even if sometimes catastrophic condi- 
tions may occur. We must help him to face the 
danger, to bear some disagreeable occurrences and 
protect him by other means against severe catas- 
trophies. Here the confidence in the teacher or 
other persons who supervise him is of paramount 
significance. It is very important that the patient 
discover that the danger in using his capacities is 
not as great as he feared. We shall often have to 
decide how much of his incapacitation he must 
bear and how much he may compensate. Our deci- 
sion w’ill be determined by the kind and severity of 
the defect, the personality of the patient, the situ- 
ation in which he has to live and to work, w'hat 
kind of w'ork he will be able to fulfill in spite of his 
impairment, etc. When direct improvement is to 
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bo excluded wo shell leach use of compensatory 
means. Here systematic buildinp up of rouncl- 
nhout w.ays is the procedure of choice. 

The deviations from the normal which have to 
be considered in rehabilitation are of two kinds: 
Tlioso which concern the general performance 
capacilt/, physical ns well ns mental; 

Those which concern special performances, such 
'as mcntnl capacities, motility, speech, read- 
ing, etc. 

Deviations of the first type occur particularly 
in diffuse damage of the cortex or in lesions nffect- 
ing the frontal lobes or the posterior pole of the 
brain. Circumscribed defects correspond to local- 
ized lesions in the one or the other area. 

1. Rehabilitation in impairment of the general 
performance capacity. Evaluation of the patient's 
complaints may give some insight as to his general 
cap.acity to work. But for a definite decision about 
what he may be able to do in real work and for 
what kind of labor he would be best suited, more . 
precise facts are needed. One can gain them by the 
application of two types of exact methods. One 
may sclecl some physical or mental tasks, observe 
the individual’s performance at them over a cer- 
tain time and draw conclusions from the records 
as to his capacity for performances in general 
and in specific vocations. Because the tasks in 
these tests differ essentially from those the in- 
dividual is accustomed to do, they are called “ab- 
stract performance tests.’’ On the other hand 
■ one may observe the individual during actual 
labor and record his effectiveness during a certain 
time. This is a “concrete labor test’’ (cf. 7, p. 137). 

The essential difference between the two meth- 
ods consists in the following: The abstract tests 
' reveal something about the course of the psycho- 
phj'sical processes in an individual in general, his 
timing, his promptness, regularity, irregularity', 
fatigability, etc., while the concrete tests give 
more insight in the capacity in a special kind of 
work. From the practical point of view it is much 
easier to use the abstract performance tests. This 
will be useful only if w'e are able to make conclu- 
sions from the results gained from them on the 
expected capacity for work. Comparison of the 
results taken from the same patient with both 
methods has shown this is possible. 

The following very simple methods are appro- 
priate in abstract testing; a, the reaction time test; 
6, the Kraepelin method of continual addition, and 
c, testing of motor capacity by ergographs. In the 
simple reaction test the patient has to press a key 
as quickly as possible on the appearance of a light; 
in the choice reaction test he has to react to a large 
light, not to a small one, etc. The times and errors 
are recorded in a series of stimulations. From the 
reaction test we obtain data for determining the 
average reaction time and, more important for our 


purpose, insight into the behavior during contin- 
uous activity from the curve corresponding to the 
time needed for carrying out the successive reac- 
tions. We learn something about tlio individual’s 
cndiir.ancc, capacity’ to learn, his fatigability, and 
his ability' to nmlcc a clioicc. In the addition test 
the task consists of adding pairs of numbers in a 
presented series of numbers .as quickly as possible 
and to continue in tliis way for about J-I hour. The 
results of the number of additions in each subse- 
quent minute arc cheeked. They' arc then recorded 
as to errors and number of additions made in one 
minute, Tlic number of answers is plotted with the 
number of minutes and combined in a curve, which 
allows insight in about the same directions as the 
reaction test. 

Ergograpbic tc.sfs arc particularly' suited for 
study of fatigue and working capacity in the use of 
muscles. One can study' the motor activity and 
power of one finger by a linger ergograph or of one 
hand by a dynamometer, or of the whole body by a 
largo ergograph where the subject has to draw up- 
ward a handle attached to springs. The higher the 
handle is lifted the more springs are tensed, the 
greater the energy that the patient must use to lift 
it. There is certainly no .sm.all difficulty in getting a 
correct judgment about a man’s capacity' from 
the thus resulting curves but I can say from ex- 
porienee that the curves gained with these ergo- 
graphs can bo used very well for practical pur- 
poses in patients with brain injuries. The curves 
of the patients obtained with all the mentioned 
tests show characteristic deviations from the nor- 
mal. It is impossible to evaluate these deviations 
by comparison with the curves of the particular 
individual in the healthy condition but they may 
be compared with the curves of average normals. 
The deviations from the normal curves are so def- 
inite that they can be recognized as pathological. 

It is impossible to go into the details of the re- 
sults gained with all these tests. Some may be 
reported as e.vatnples. In the reaction time test, for 
instance, the brain injured individual may differ 
from the normal by an increase of the reaction 
time, particularly by' the occurrence of extreme 
fluctuations between bad and good performances 
and the sudden break of the curve. These abnor- 
malities especially occur or increase on days when 
the patient does not feel well. Furthermore, all 
abnormalities are much more pronounced in the 
curves of choice reaction. Abnormalities in the 
addition test present themselves in deviations as 
to the number of additions solved per minute 
(height of curve), the capacity for continuous 
effort (length of curve), and the form of curve. 

The results gained from the three ergographic 
tests may be summarized as follows: There are 
some patients with brain injuries whose scores in 
all three tests are almost normal. The mentioned 
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mental performance there corresponds a particu- 
larly constructed substratum in the brain, that 
functions in a definite way. The nervous mechan- 
isms are, so to speak, predisposed. They develop 
during the growth of the individual and gain a 
particular organization by experience. They ex- 
tend from the peripheral sense organs to the sub- 
strata of the most complicated mental perform- 
ances. If such a substratum is damaged in its 
functioning, the organization as a whole may be 
maintained, the mechanism losing only some of 
these functions acquired by training. In such cases 
it may be possible and appropriate to retrain this 
functional mechanism by the same means by which 
it was built up in childhood. Hence it may be 
possible to acquire again the lost performances. 
This happens also in spontaneous recovery, where 
the apparatus is retrained by the demands of the 
environment. 

If, after a thorough analysis of the symptoms, 
one is convinced that the brain matter is damaged 
to such a degree that some former functions are 
irreversibly lost, it will be necessary to proceed in 
another way. We shall have to help the patient to 
build up compensatory procedures in the same per- 
formance field. Even this, of course, will be impos- 
sible if the damage concerns an apparatus of so 
primitive a function as qualitative sense percep- 
tion. In damage of a sense organ, it would be futile 
to try to build up a new sense apparatus by stimu- 
lation of the sense organ. This applies also to some 
higher central apparatus such as the apparatus 
which is the anatomic countqfpart of recognition, 
i.e., in cases with visual agnosia or corresponding 
disturbances in other fields. If in these cases the 
apparatus is severely damaged, we have no other 
choice than to build up substitutes which may be 
performances of a totally different kind. That may 
be illustrated by a particularly characteristic ex- 
ample: The treatment of disturbances in word 
finding. There is one group of patients where the 
difficulty in finding words is mainly an expression 
of a personality change, an expression of impair- 
naent of “abstract attitude,” which we shall dis- 
cuss later. This change cannot be repaired if there 
is no restitution of the anatomical damage. The 
patient never regains the capacity of abstraction 
or if he does, only to a limited degree (16). For a 
person who is incapable of the abstract attitude, 
it is very difficult or even impossible to build asso- 
ciations that do not represent a connection he can 
experience concretely. They are in a situation 
similar to that of a person learning vocabularies of 
a foreign language that he does not understand. 
But their difficulty is still greater because, as a 
result of their impairment in abstract attitude, 
they cannot bring themselves, as can the normal 
individual, into that unnatural attitude which 
learning of such associations demands. There is no 


othermeansof helping the patient than by teach- 
ing him to find words in a roundabout way. Obser- 
vation of the manner in which the patients them- 
selves overcome their defect may be used as a 
guiding principle. 

Frequently a patient, unable to find a name for 
an object or a person or an action, recites a little 
verse or quotation that he knows is related to the 
object and contains the word he cannot find. After 
repeating the verse, he immediately recognizes the 
word as that he has been seeking. It is characteris- 
tic that recognition of the spoken word is never 
disturbed in these patients. 

A patient may sometimes be unable to evoke a 
specific word, but may be able to recite a series of 
words containing it. It is easier for the patient to 
learn a series of words belonging to a situation (for 
instance, the names of a group of objects that are 
in a natural relationship) than to learn separately 
words for individual pbjects. For example, he 
knows that "shirt,” "trousers,” “coat,” “waist- 
coat,” “necktie,” etc., belong together. He learns 
these words as a series. If he requires one of these 
he recites the series and picks out the correct one. 
This process of learning can be facilitated if be 
gets to the point where one or more of the words 
occur to him spontaneously. Sometimes it helps to 
let the patient learn the words of a series in a defi- 
nite rhythm, one that is familiar to him. Another 
practical method is to learn meaningful sentences 
which contain the required words. The sentences 
used in this way should depict concrete.situations; 
the more concrete the situation is to the patient, 
the easier it is for him to hold it in mind and to find 
the word in this indirect way. There is another 
roundabout method. The object which the patient 
is supposed to name may remind him of a situation 
in which this object has important conte.xt, and 
out of this concrete situation the word may come 
to his mind. He may not, for instance, recall the 
name of a street, but he remembers that the street 
has the same name as the first name of a friend. 
This recollection immediately brings the name to 
mind in connection with other characteristics of 
this friend. 

There is further possibility of improving word 
finding by use of visualization .The patient associ- 
ates an object with the seen word. If he is able to 
retain it, he will later find the name by reading the 
visualized word. Sometimes it is sufficient for the 
patient to retain the visual picture of the first 
letter; this may be sufficient to produce the word. 
One can also utilize an association of the written 
word w'ith an object. Then the patient will write 
the word if he sees the object; he will read the word 
and so will be able to speak it. 

There are other types of patients with difficulty 
of finding words. They are not impaired in their 
abstract capacity; their difficulty in finding words 
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is due to disturbniiro of memory, e.spocinlly in the 
spliere of lanRuapo, or to disorfianization of Uio 
so-called inner spceclu In these cases a direct 
procedure, of retraiiuug is indicated in contrast to 
tlie indirect way. Iinprovcmonl can be reached 
by rote learning or in the second type of cases 
by consolidating the structure of thoword,s (cf. 7, 
p. 161). it is interesting to note th.at the diiliculty 
in finding words diminishes with improvement of 
the inner speech without any special retraining 
of word finding itself. 

I have mentioned retraining of the defect in 
finding words to emphasize the two b.asically differ- 
ent ways of retr.aining; the one consisting of direct 
re-education of an imp.aircd capacity, the other 
consisting of building up roundabout ways. 

3. Rchabililalwn of paiiatts with impairment of 
the capacittj of abstraction. Usually the mental 
changes of patients with brain injury arc consid- 
ered from the point of view of impairment of spe- 
cial performances such as vision, speech, motility, 
sensation, etc., and of several functions such as 
attention, interest, emotion, memory, etc. Cer- 
tainly, consideration of the behavior in all these 
respects is important for retraining and rehabilita- 
tion. However, that is not sufficient. Often the 
defect does not consist simply of diminution of one 
or several of the above-mentioned functions. The 
patient has undergone a change of his entire per- 
sonality which modifies in varying degrees all tliese 
functions in a particular way. In all fields some 
performances are impaired or lost while others 
seem relatively well preserved. The symptoma- 
tological picture may seem very inconsistent. 
Therefore it is extremely important to know the 
structure of the mental impairment of the patient. 

The normal individual displays two kinds of 
attitudes towards the world, which wc call the 
concrete one, and the abstract one. In the concrete 
one we are given over passively and bound to the 
immediate experience of the very things or situa- 
tions in their uniqueness. Our thinking and acting 
are determined by the immediate claims made by 
the particular aspect of the object or situation. 
For instance, w'c act concretely when we enter a 
room in darkness and push the button for light. 
If, however, we desist from pushing the button, 
reflecting that by pushing the button we might 
awaken someone asleep in the room, then we are 
acting abstractly. We transcend the immediately 
given specific aspect of sense impressions, we de- 
tach ourselves from the latter and consider the 
situation from a conceptual point of view and re- 
act accordingly. The abstract attitude corre- 
sponds' approximately to what Henry Head has 
called — in relation to speech — symbolic behavior. 

The healthy individual is able to shift volun- 
tarily from one to the other according to the de- 
mands of the situation. Some tasks can be per- 


formed only by virtue- of the one, others of the 
other attiludo. During activity the concrete atti- 
tude is dominant, but if the course of action is 
interfered with or disrupted, abstraction is 
required to correct such disturbances and to 
continue properly the activity in question. Exami- 
nation of a groat number of patients with brain 
disease or injury has shown that certain typos of 
brain pathology impair to a greater or lessor degree 
the capacity of abstraction (13). The patient is 
reduced to a more concrete level of behavior. 

Patients with impairment of abstract attitude 
may not appear to deviate grossly from normals in 
everyday behavior, because many routine tasks 
do not require the abstract attitude once these 
tasks have been learned. However, on observation 
of the patient in a variety of situations it becomes 
evident that he docs not react like a normal 
individual; he appears more stereotyped and re- 
served. He seems to lack initiative and spontane- 
ity. Tasks which demand choice or siiifting partic- 
ularly reveal the defect. 

From analysis of the behavior of a great number 
of such patients in various everyday and test situ- 
ations wc have compiled a long list of conditions at 
which they fail or which produce great difficulty 
for them. In general these conditions involve 
choice, comparison, planning, symbolism, detach- 
ment, etc. 

Often it has been said that the defect of the 
patients consists of an inability to cope with new 
situations but that they are able to proceed in an 
abstract way as far as old experiences are con- 
cerned. As a matter of fact the patients fail equally 
in familiar situations as in new ones if they demand 
the abstract attitude. On the other hand they can 
successfully cope with new tasks though only as 
long as they do not require the abstract attitude. 
This is very important. If the defect would consist 
of an incapacity to handle new situations, the 
patients never would be able to learn anything and 
all our attempts to retrain them would be futile. 
On the other hand the patients are more likely to 
fail in new situations than in old ones because the 
former frequently demand new sets, that is, the 
abstract attitude. 

A few examples taken from observation may 
illustrate the failures of the patients. A patient 
may be able to count if the examiner begins the 
series, “starts him off,” but he cannot begin him- 
self. Once interrupted, he cannot continue. He has 
to begin again at the beginning. He cannot stop at 
an arbitrary point upon demand but continues 
until definitely interfered with. He is unable to 
shift from reciting one series (e.g., numbers) to 
another series (e.g., days of the week), though he 
can recite each by itself. He can follow and even 
take part in a conversation on a familiar topic or 
the immediate situation, but if the conversation 
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shifts to another topic equally familiar to the pa- 
tient, he cannot follow and is completely at a loss. 

He may react successfully in a simple reaction 
test but he cannot react differentially to two lights. 
He may be able to read a word and at other times 
to spell it, but when asked first to read and imme- 
diately afterwards to spell it he cannot do it. He 
may succeed in throwing a ball into boxes placed 
nearer or further away, without being able to tell 
which box is farther or which one nearer. He may 
be able to orient himself in a complicated building 
which has become familiar to him but cannot say 
anything about even the simplest relations of 
rooms or floors to each other. He has greatest diffi- 
culty in pretending. He fails on performances 
which are meaningful only with relation to future 
expectations or occurrences. 

The patient’s speech in general may not be im- 
paired; in certain situations he may have a great 
number of relevant words at his disposal. He will 
fail on the other hand, whenever the situation 
demands his conscious attention to the meaning of 
a word. The words have lost their meaning as sym- 
bols. They fit only in definite situations. The 
patient is particularly unable to understand that 
the same word could have different meanings in 
different situations. The patient may understand 
the word as part of a definite situation, but not if 
the word is used in another condition. Overlooking 
these language defects is likely to lead to the 
assumption mentioned above that the patient uses 
abstraction with regard to old material. As retrain- 
ing is dependent to such a large degree on lan- 
guage, it is of greatest significance to take into 
consideration changes of language due to the im- 
pairment of abstraction. 

If the patient with impairment of abstract atti- 
tude acquires certain materials by rote-learning, 
these new acquisitions lack stability. Only re- 
peated experience of the usefulness of these con- 
nections in concrete situations will stabilize them. 
But such experience will often be missing. Here 
another important factor enters which tends to 
facilitate learning and consolidate the material 
acquired; the patient’s confidence in the teacher. 
This confidence is a tremendous aid in the preser- 
vation of material learned meaninglessly and 
without in.sight. 

Most of the examples I have mentioned concern 
the behavior of the patient with regard to school 
material. However, the same difficulties can be 
demonstrated in practical activities, handicraft 
and labor. If one has occassion to observe patients 
at such work, to sec how they learn a new occupa- 
tion, the significance of their defect for all proce- 
dures of rehabilitation becomes evident. If it is 
possible to organize the work in a way that the 
patient can grasp it concretely and handle the 
situation in a concrete manner, he may learn al- 


most any type of work and accomplish good 
results. Wherever that is impossible it is in vain to 
tell him or to show him how to proceed. There arc 
good possibilities for successful work even for 
brain-injured patients with severe damage, in such 
occupations as carpentry, book binding, shoe re- 
pairing, office work, etc., even in using machines in 
plants. Working on machines has been sfmplified 
so much at the present time that it presupposes 
very little abstraction. But only if taught in the 
right way will the patient be successful. It is par- 
ticularly important that conditions be arranged in 
such a way that the patient’s activity is inter- 
rupted as little as possible and that in such cases 
he is able to begin again without much delibera- 
tion. Furthermore, his work needs more control by 
others than the work of normal individuals, as he 
is more easily shocked by outside interference, by 
difficulties with defects of the machine, and 
may be unable to overcome such shock. The 
co-operation of the physician with experts in the 
various fields of occupation is here of greatest 
advantage (cf. 7, p. 20S). ; 

Not all patients with brain injury have impair- 
ment of abstraction. Whether it is present or not 
depends on the localization and severity of the 
injury. It is particularly prominent in frontal lobe 
lesions, even when the lesion is relatively small and 
circumscribed (13), but it can occur also in other 
localizations. 

The patient does not recover from this defect if 
the damage of the brain is not restituted. Some- 
times removal of scar tissue is beneficial in this 
respect (cf. 14, p. 198). There is no possibility for 
substitution of this function by the more or less , 
intact remainder of the brain. 

Lost abstract attitude cannot be regained by 
retraining (cf. 16, p. 53). The patient may learn 
to handle a task by means of a number of concrete 
procedures. He may achieve effectively correct 
results but never wdll he be able to fulfill the task 
in the normal abstract way. Sometimes, under the 
influence of training, success even in tasks which 
need abstraction may be attained. I do not deny ’ 
that remnants of impaired attitude may in this 
way be set again in function. However, from obser- 
vation and analysis of a great number of patients 
I am inclined to assume that such improvement as 
is found is mostly the effect of progressively better 
utilization of concrete reactions and not an expres- 
sion of returned abstract attitude. That does not 
make such improvements less important. They arc 
the basis of success in rehabilitation. However, 
they will be accomplished only if in all procedures 
one takes carefully into consideration the patient’s 
impairment in his capacity of abstraction. If he is 
impaired in this capacity he has to be treated in an 
essentially different way than if that is not the 
case. Therefore examination of this mental capac- 
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ity has to precede any other procedures. Special 
tests which we have constructed for tliis purpose 
have proved to be very useful in the examination 
of impairment of .abstract attitude (15, IG, IS, 19, 
20 ). 

SoMMAHY. This presentation of the subject of 
rehabilitation following brain injuries is not at all 
complete. Limitations of space necessitated 
selection among the great number of problems that 
the observable facts offer for discussion. Under 
these circumstances, I deemed it expedient to take 
into consideration particularly suoli problems as 
may be of speci.al interest for the physiologist, and 
for (he rest to concentrate on general problems and 
to present these in such a way that application of 
the results to individual eases would afford a guide 
to appropriate treatment— whatever the special 
defect that the patient maj’ show. 

Of course this can be expected only if it is as- 
sumed that all disintegration of function in dam- 
age of the brain cortex follows essentially the same 
lines, and that reorganization can bo accomplished 
in about the same way in every instance, irrespec- 
tive of the location of the lesion and the special 
performance field alTectcd, This is indeed the as- 
sumption that underlies all my explanations. It 
stems from the holistic approach that has proved 
so fruitful in understanding organismic life in 


health and disease (0). TJiis approach has de- 
veloped especially from my study of the sequelae 
of br.nin injuries and has stood the test of the years 
through the success it Ims brought in treatment of 
patifcnts with sucli defects. 

There is scarcely any malorinl in pathology that 
lends itself so immediately to this theoretic ap- 
proach ns observation of eases with damage of the 
brain. A great number of symptoms— described in 
tlie literature, but hitherto only insufficiently 
interpreted — bccaTnc understandable in this per- 
spective and new facts revealed themselves over 
and over again. Insofar as this point of view con- 
siders pathologic phenomena mercij' variations of 
normal events modified according to definite rules, 
physiology may well profit from such an attitude 
in the analysis of symptoms in brain damage and 
in the rehabilitation of performances. 

Indeed, my presentation is an endeavor not so 
much to make direct contribution by actual dis- 
cussion of individual problems, but rather to offer 
such stimulation as the evidence of the usefulness 
of the methodologic approach in analysis of brain 
defects and in therapeutic procedure m.ay provide. 
This is all that a short presentation touching on 
such comprehesive material can claim to accom- 
plish. 
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THE ROLE OF THE AUTONOMIC NERVOUS SYSTEM IN PROBLEMS OF 

REHABILITATION^ 

ERNST GELT.HORN 

The Laboratory of Neurophysiology, Department of Physiology, University of Minnesota, Minneapolis 


Autonomic nerves which modify either the func- 
tion or the blood supply of the organs play an 
important part in the restoration of function in 
disease. This statement is supported by certain 
physiological experiments. It is well known that 
loss of blood is ill tolerated after the elimination of 
the buffer nerves whereby pressor reflexes are 
abolished. The loss of 20% of the blood was found 
to cause a more severe fall in blood pressure in 
dogs in which the receptors of the sino-aortic area 
had been removed than was observed in normal 
dogs which had been deprived of 60% of their cal- 
culated blood volume (Gellhorn and Pollack — ^29). 
The increased sympathetic discharges following a 
fall in intrasinusal pressure tend to maintain the 
blood pressure and thereby the circulation of 
brain and heart when the posture is changed in the 
human from the horizontal to the vertical position. 
Operative elimination of carotid sinus receptors 
leads to postural hypotension in man (2). In cases 
of orthostatic hypotension these reflexes are 
apparently not absent since the pulse rate in- 
creases on standing (Hallock and Evans— 29), but 
apparently the sympathetic effects on the blood 
vessels are inadequte to maintain the blood pres- 
sure in the erect posture. It is of clinical impor- 
tance that anoxia greatly weakens the carotid si- 
nus reflexes (16). This makes it understandable 
that a degree of anoxia which causes no appreciable 
change in blood pressure in the reclining position 
leads to an abrupt fall and a collapse in the erect 
posture (S). Carbon dioxide, which offsets the 
effect of anoxia on the central nervous system, 
intensifies the pressor reflexes originating in the 
sino-aortic area (Vercauteren, Gellhorn and 
Pollack— 29). 

The regulation of the blood depots of the spleen 
(Barcroft, Scheunert, Izquierdo, Cannon; Grind- 
lay, Herrick, and Mann — 29) and liver (Grab, 
Janssen, and Rein — 29) is accomplished through 
sympathetic nerve fibers and through adrenalin. 
The r61c of the liver under conditions of circula- 
tori' collapse has been emphasized by Rein (25). 

The prevention of pathological states is also 
aided by modification of autonomic reflexes and 
increased sensitivity of autonomic centers. Dill 
(4) made the interesting observation that on re- 
peated exposure to heat a given weight loss pro- 
duced by sweating is brought about by progres- 
sively decreasing rises of body temperature. 

* Aided by the Josiah Macy Jr. Foundation. 


Apparently the autonomic centers which regulate 
sweat secretion in response to an elevation of the 
temperature of the body become increasingly sen- 
sitive under these conditions and prevent thereby 
the ill effects of overheating. Moreover, qualita- 
tive changes are observed in the chemical compo- 
sition of the reflexly secreted sweat. The sweat 
becomes increasingly poorer in chlorides; an exces- 
sive salt loss is thereby prevented and the danger 
of heat cramps is averted or delayed. 

These examples may suffice to illustrate the fact 
that in a number of conditions involving changes 
in the external or internal environment of the 
organism, autonomic reflexes are called forth 
w'hich tend to keep the internal environment con- 
stant. Cannon (29) emphasizes the emergency 
functions of the sympathetico-adrenal system and 
illustrates them by the demonstration of the rela- 
tive sensitivity of sympathectomized animals 
to exercise, hemorrhage, anoxia, cold, and hypo- 
glycemia. 

The importance of these mechanisms under 
pathological conditions similar to those studied in 
physiological experiments is obvious. It should be 
emphasized, however, that autonomic refle.xes 
may, under certain conditions, act in an opposite 
manner and actually aggravate the severity of the 
disease process. Freeman and collaborators (29) 
observed that bleeding may lead more easily to 
circulatory shock in normal than in sympathecto- 
mized animals. The experiments suggest that 
sympathetic excitation following hemorrhage, 
although very important for the restitution of 
homeostasis, may lead to shock when persisting 
for long periods of time. The harmful effect of pro- 
longed excitation of sympathetic nerves is appar- 
ently due to tissue anoxia which follows marked 
vasoconstriction. It leads to a reduction in the 
circulatory blood volume, which tends to aggra- 
vate the fall of blood pressure by impairing the 
venous return to the heart. The fall in blood pres- 
sure calls forth increasing sympathetic discharges 
via the carotid sinus, and thus a vicious cycle is 
established. 

Another e.xample of the fact that, excessive 
sympathetic discharges may cause pathological 
processes is illustrated by Cushing’s (3) experience 
that hypothalamic injury may cause peptic ulcer. 
It is assumed that hemorrhagic erosions of the 
gastric mucosa may develop as a result of emo- 
tional strains. The r61e of parasympathetic and 
sympathetic discharges in these conditions has 
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been emphasized by Keller and collaboralora (17, 
18). 

, The examples ciled so far illuslrntc two facts; 
first, that autonomie reflexes may play an impor- 
tant r61o in the recovery from disease; secondly, 
that excessive discharges may give rise to patho- 
logical changes in the organism. These data arc of 
importance for medicine in war as well as in peace. 
Of still greater significance for problems of war 
medicine is the fact that thousands of men arc 
repeatedly exposed to conditions of great emo- 
tional strain. It is of considerable interest that the 
efiect of these emotional tensions in war is aggra- 
vated, not only by repealed exposure to conditions 
causing emotional excitation, but also by the fact 
that these conditions may arise at times when the 
autonomic centers .arc afTcctcd by cold or heat, 
anoxia or hemorrhage. 

The recognition of the importance of the auto- 
nomic nervous system for problems of war medi- 
cine and rehabilitation depends on the under- 
standing of the idle of the autonomic centers for 
the behavior of the normal organism, and on the 
knowledge of their vulnerability under conditions 
which may be encountered by our armed forces 
during actual combat or during operations indi- 
rectly linked up with the wnr. The following para- 
graphs are an attempt to give a physiological 
basis for such an inquiry. 

’ Emotional excitation, such as can be observed 
in animals, is linked up with the hypothalamus. 
The rage complex is elicited in cats on electrical 
stimulation of the hypothalamus (Karplus and 
KreidI, Ranson — 29); conversely, bilateral hypo- 
thalamic lesions, particularly in the mammillary 
bodies are accompanied by a diminished emotional 
response, cataleptic symptoms and somnolence 
(Ingram, Harris, Ranson, and Harrison — 29). Re- 
lease of hypothalamic centers from cortical inhibi- 
tion leads to a facilitation of pseudo-affective 
response (sham rage) in animals in which both 
hemispheres had been removed. If the posterior 
part df the hypothalamus is destroyed sham rage 
can no longer be elicited (Bard— 29). The rage 
response involves both somatic (extrapyramidal) 
and autonomic nervous systems. The participation 
of the latter is indicated by symptoms such as 
inhibition of peristalsis, piloerection, sweating, 
increase in pulse rate, blood pressure, and number 
of blood corpuscles (contraction of spleen), retrac- 
tion of the nictitating membrane, and pupillary 
dilatation. Although sympathetic effects are fre- 
quently dominant, parasympathetic discharges 
play an important role, as seen by the occurrence 
of urination and defecation in man and animals 
under conditions of emotional strain. Yerkes (29 
mentions vomiting as characteristic for emotion 
in chimpanzees, and Clark, Hunt and Hunt (29) 
observed, on firing a revolver, erection of tlic penis 


and defecation in infants and chimpanzees in addi- 
tion to a series of characteristic motor discharges. 
Wolf and Wolff (28) present data suggesting 
parasympathetic as well as sympathetic effects on 
the stomach in man during emotional excitement. 

Anoxia, which is of importance for our discus- 
sion because of its oocurrenco in high altitude 
flying, lends likewise to autonomic discharges. 
Stimulation of hypothnlnmus and medulla in 
anoxia and under control conditions, gives evi- 
dence of increased excitability of sympathetic 
centers in anoxia, since the rise in blood pressure 
and the contraction of the nictitating membrane 
is increased in response to a standard stimulus. 
The increased excitability of these centers in 
anoxia seems to depend on impulses originating in 
the chcmorcceptors (9). Parasympathetic dis- 
charges arc likewise enhanced under anoxia, 
particularly when severe degrees of anoxia or 
asphyxia arc employed (cf. Gcllhorn, pp. 152 — 29). 

That cold and heat affect the hypothalamus has 
been clearly shown by Ranson and collaborators 
(23) and many others. Heat loss is regulated by the 
anterior hypothalamic area. Heat conservation is 
effected through the posterior hypothalamus. 
Cholinergic, nlthough not exclusively parasympa- 
thetic, discharges are primarily involved in the 
regulation of heat loss whereas adrenergic mecha- 
nisms are called into action on exposure to cold. 
Autonomic and somatic discharges are integrated 
in emotional excitement as well as under condi- 
tions of stimulation of autonomic centers by heat 
and cold. 

Excitation of autonomic centers results not only 
in nervous impulses which send excitatory and in- 
hibitory impulses to striated muscles, smooth 
muscles, and glands of external secretion, but it 
affects likewise some glands of internal secretion. 
Increased secretion of adrenalin due to excitation 
of sympathetic centers occurs under conditions of 
emotional excitement, cold, hypoglycemia, and as 
a result of electrical stimulation of hypothalamic 
centers. It is recognized by its effect on denervated 
structures (heart, nictitating membrane, etc.), 
a hyperglycemic effect which is absent in adreno- 
demeduUuted animals, and by the biological assay 
of the blood of the adrenal vein. 

The parasympathetic system likewise regulates 
hormonal activity under conditions leading to 
excitation of autonomic centers. Emotional excite- 
ment, anoxia, exposure to heat and cold, as well as 
direct hypothalamic stimulation with electrical 
currents lead to an increased insulin secretion 
which is regulated by the vagus (Gellhorn, Cortell, 
Feldman and Allen— 29). This is shown by the fall 
in blood sugar in adrenodemedullated animals 
which have been exposed to these conditions. The 
hypoglycemic effect depends on the integrity of the 
vagus; no changes in blood sugar are observed in 
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adrenodemedulIatM-vagotomized animals, in 
'which a nervous regulation of the activity of the 
adrenal-medulla and of the islets of Langerhans is 
no longer possible. In normal animals the effects 
of the sympathetico-adrenal system predominate 
over those of the vago-insulin system as far as the 
blood sugar is concerned. This seems also to apply 
to the human, but in pathological disturbances 
this balance seems to be altered. Excitement 
causes schizophrenic patients, to liberate sufficient 
quantities of insulin into the blood so that its in- 
jection in hypophysectomized-adrenodemedul- 
lated rats which are highly sensitive to insulin, 
produces coma or hypoglycemic convulsions, 
whereas such reactions are not observed on injec- 
tion of blood obtained from non-psychotic e.xcited 
individuals (12). 

The relation of the autonomic centers to other 
glands of internal secretion is less clear. However, 
there are sufficient data to warrant the conclusion 
that hypothalamic-hypophyseal discharges occur. 
It has been observed that the rate of secretion of 
the gonadotropic hormones is increased during 
sexual excitement (Westman and Jacobsohn; 
Brooks— 29), but no conclusive evidence is avail- 
able to indicate that this effect is present in other 
forms of emotional strain. Ano.xia is known to 
cause an increased secretion of adreno-cortical 
hormones, (5) but the possible dependence of this 
effect on hypothalamic-hypophyseal discharges 
has not been studied as yet. Uotila (29) presents 
data suggesting increased secretion of the thyro- 
tropic hormone on exposure to cold which was 
absent after sectioning of the hypophyseal stalk. 
This observation makes it probable that the rate 
of secretion of the thyrotropic hormone may like- 
wise be regulated by the hypothalamus, but con- 
firmatory evidence is needed. 

The hypothesis that the rate of secretion of hor- 
mones of the posterior pituitary may be altered by 
hypothalamic impulses is suggested by observa- 
tions of Rydin and Verney (26). These authors 
observed an inhibition of urinary secretion under 
the influence of emotional stress (fright or pain). 
The effect occurred in spite of denervation of the 
kidneys and adrenals and removal of the abdomi- 
nal sympathetic chains. Moreover, it could be 
matched by injection of posterior pituitary ex- 
tracts, but not by the injection of adrenalin. 

From this brief and incomplete discussion it may 
be concluded that emotional strain and other 
conditions acting on autonomic centers in the 
diencephalon and medulla c.xert a profound influ- 
ence on the whole endocrine system by altering the 
rate of secretion of the adrenalin, insulin, and at 
least some pituitary hormones. It appears probable 
that permanent or semi-permanent changes in the 
balance of autonomic centers, and thereby in the 
endocrine system, may be the result of frequent 


disturbances of those structures under conditions 
of stress and strain. It has been suggested else- 
where that the autonomic balance in psychotic 
individuals is altered, and that their changed 
behavior is definitely linked up with this central 
autonomic imbalance. This prompts the question 
as to whether repeated emotional strain or other 
stimuli acting on autonomic centers may cause 
chronic alterations in these centers. The experi- 
mental basis of this problem and its clinical and 
therapeutic evaluation will be discussed in the 
following paragraphs. 

It has been shown by Gellhorn in collaboration 
with Cortell, Feldman (10), and Kessler (13), that 
rats subjected to electrically induced convulsions 
(electroshock) and to anoxia, react with an excita- 
tion of the centers of the sympathetico-adrenal 
and vago-insulin systems. It was also demon- 
strated by Page (22) that repeated electroshocks 
lead to an altered behavior of rats. On the basis of 
this e.xperience it was decided to subject several 
groups of rats repeatedly to anoxia and electro- 
shock respectively, and to study their autonomic 
balance and behavior under these conditions*. 

E.xposure to anoxia was chosen as a test of reac- 
tivity of the autonomic centers. Since anoxia, 
causes a rise in blood sugar of normal rats, a fall in 
blood sugar of adrenodemedullated animals, and 
no change in adrenodemedullated-vagotomized 
rats, it seems safe to conclude that hyperglycemia 
evoked under these conditions is a measure of the 
excitability of the sympathetico-adrenal system 
whereas fall in blood sugar is an indicator of the 
excitability of the vago-insulin system. If rats are 
subjected to a moderate anoxia for two hours they 
show a hyperglycemia; if, however, rats are sub- 
jected to five 25 minute periods of anoxia, a hyper- 
glycemic phase is followed by a period of hypogly- 
cemia (27). These experiments suggest that at first 
the sympathetico-adrenal system, and later the 
vago-insulin system predominates. This procedure 
adopted in our experiments as a test for the excit- 
ability of the sympathetic centers and the central 
autonomic balance was used in order to determine 
the effect of repeated anoxia and of repeated 
electricall}'’ induced convulsions on the autonomic 
balance. 

Figure 1 shows that the blood sugar curve ob- 
tained from 13 rats followed the type described by 
Britton and collaborators. The rats were e.xposed 
to a barometric pressure of 280 mm. Hg for 5 
periods of 25 minutes each, and after each period a 
blood sample was taken. The first sample obtained 
after 25 minutes of anoxia shows a slight rise in 
blood sugar whereas the last three samples show a 

* As to the technique, the reader is referred to 
papers of Feldman, Cortell, Gellhorn and Kessler 
(29). 
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fall in blood sugar below the control level. The rats 
were then exposed 7 times during 9 days to a simu- 
lated altitude of 20,000 feet for 4 hours, and to an 
altitude of 24,000 fool for four hours during each of 
the three following days. Then the anoxia lest was 
repeated with the result that the analysis of the 
blood revealed a greater initial liypcrglyccmia 
than under control conditions. Moreover, the 
blood sugar values remained higher throughout 
the experiment suggesting that the cfl'cct on the 
sympathelico-adrenal system had been increased 
sufficiently to obliterate the fall in blood sugar 
caused by discharges over the vago-insulin system 
during the latter part of the experiment. There- 




after the rats were subjected to a second period of 
anoxia consisting of 9 exposures of 24,000 feet for 4 
hours in 10 days. Then the blood sugar test was 
repeated and revealed now a considerable shift in 
.the blood sugar curve. The hyperglycemic effect 
was greatly increased and progressed during the 
five anoxic test periods. The rats were then allowed 
to rest for a period of two weeks. Repetition of the 
test after this time showed that the initial hyper- 
glycemia was similar in magnitude to that seen in 
the first control experiment. However, the hypo- 
glycenuc effect at the end of the test was still 
absent. 

Experiments involving repeated application of 
electroshock showed similar changes (fig. 2). 


Prior io these procedures the rats reacted to 
anoxia with a typical biphnsic blood sugar curve 
ns described above. After the rats had been sub- 
jected to 24 electrically induced convulsions in 47 
days the anoxia test was repeated and showed a 
greatly increased hyperglycemic reaction persist- 
ing tlirougli all 25 minute periods of the test. A 
period of two weeks was inadequate to restore the 
blood sugar response to the normal level but earlier 
experiments performed in collaboration with 
Arnett (29) showed complete reversibility after an 
interval of several weeks. 

The experiments demonstrate that repealed 
anoxia as well as repeated electroshock lead to 
chronic changes in tlic activity of the autonomic 
centers as .shown by the blood sugar curve obtained 
in anoxia. Tlie reactivity of the sympathetico- 
adrcnal system is greatly increased and extended 
in time so that the effect on the vago-insulin 
system is obscured. A period of rest is adequate to 
restore these reactions to normal. Repeated elec- 
troshocks cause the animals to become highly 
excitable (checked by 4 independent observers). 

Fear-like reactions as described by Page (22) 
were seen in the present series whereas in earlier 
experiments the altered excitability of the rats 
appeared in the form of aggressiveness toward the 
experimenter or toward other rats in the same 
cage. The increased excitability of these animals 
led to an almost continuous defecation and urinal 
tion during sampling of blood in contradislinotioft 
to the behavior of these animals prior to the ad- 
ministration of electroshocks. The fact that behav- 
ior changes were absent in the "repeated anoxia’' 
group may be due to cortical damage. 

The experiments show that conditions such as 
anoxia and electroshock, which lead to massive 
discharges from the autonomic centers e.vert, when 
applied repeatedly, chronic effects on these centers 
which are only slowly reversible. These chronic 
effects are characterized by a change in the balance 
of autonomic centers leading to an increased pre- 
dominance of the sympathetico-adrenal system. 
This conclusion is based not only on the experi- 
ments reported in this paper but also on the fact 
that adrcnodemedullated rats show either no or 
only slight changes in the reactivity of tl^e vago- 
insulin system under these conditions (unpub- 
lished data). It is suggested that the changes in the 
reactivity of the autonomic centers may be linked 
up w'ith alterations in behavior as seen in the 
animals subjected to repeated electroshock. This 
assumption is based on the following data: ‘ 

1. Experimental and clinical observations indi- 
cate that hypothalamic disorders are accompanied 
by changes in personality. 

2. Destruction of the hypothalamus eliminates 
cortical potentials (Obrador, Kennard — 29). 

3. Rats with extensive hypothalamic lesions 
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cannot be conditioned (Gellhorn, unpublished 
data) . 

4. Various procedures known to increase the 
excitability of the centers of the sympathetico- 
adrenal system (electroshock, anoxia, metrazol 
convulsions and hypoglycemic coma) profoundly 
alter conditioned reactions. (Gellhorn in collab- 
oration with Kessler (13), Minatoya (14) and 
Seese (15).) 

The experiments reported in this paper in con- 
junction with various experimental and clinical 
facts suggest that men, subjected repeatedly to 
conditions which cause an excitation of the auto- 
nomic centers in the hypothalamus and possibly the 
medulla, show a greatly increased responsiveness 
of sympathetic centers, which in turn ma 5 '’ alter 
their behavior. The hypothalamic influence may 
be both direct and indirect; the former involving 
pathways from the mammillary body to the 
anterior thalamus via the Vicq d’ Azyr bundle, and 
from there to the gyrus cinguli and other cortical 
areas (Papez — 29), the latter due to the altered 
rate of secretion of one or more hormones. At the 
present time the increased rate of adrenalin secre- 
tion is of importance because adrenalin may cause 
either excitatory (Domm and Gellhorn-7-29) or 
inhibitory effects (Darrow and Gellhorn — 29) on 
the central nervous system, and particularly on 
autonomic centers. The type of effect depends on 
the intensity and duration of the increased secre- 
tion. It is of interest to call attention to the 
observation of Kraines and Sherman (20) that 
injection of adrenalin may evoke neurotic symp- 
toms. On the basis of these discussions it seems to 
be not unlikely that behavior disturbances due to 
repeated exposure to conditions of several of these 
factors are due to an imbalance of the autonomic 
centers in the hypothalamus and their direct and 


indirect influence on the cortex. From the physio- 
logical point of view two therapeutic procedures 
suggest themselves: first, to suppress hyperexcita- 
bility of sympathetic hypothalamic centers by 
means of drugs such as barbiturates whose effect 
on the hypothalamus is well established (21); 
second, to eliminate the effect of excessive adrena- 
lin secretion by ergotoxin. 

St7MM.\RY. Procedures simulating conditions 
frequently encountered by our armed forces such 
as emotional excitement, cold and anoxia lead to 
an excitation of autonomic centers and cause dis- 
charges over the sympathetico-adrenal and the 
vago-insulin systems, and to an alteration in the 
rate of secretion of some pituitary hormones. 

Repeated exposure to such conditions may alter 
the reactivity and balance of the autonomic cen- 
ters. Thus, it is found that rats subjected to 
frequent periods of anoxia or repeated electrically 
induced convulsions, show in response to a stand- 
ard stimulus (anoxia at 280 mm. Hg.) a greatly 
exaggerated response of the sympathetico-adrenal 
system which completely obscures the reactivity 
of the vago-insulin sj'stem. 

It is suggested that these autonomic changes 
may profoundly influence personality and behavior 
either by the direct effects of the hj'pothalamus on 
the cortex or indirectly through the effects on the 
brain by hormones whose rate of secretion has been 
altered as a consequence of the excitation of au- 
tonomic centers. Some therapeutic suggestions are 
made on the basis of the physiological analysis 
presented in this paper. 

In the experiments reported in this paper I 
enjoyed the able collaboration of Miss Helen 
Salford. 


REFERENCES 


(1) Brooks, C. M. Research Publ. Assoc Nerv. 
and Ment. Dis. 20 : 525, 1940. (2) Capps, R. B. 
AKD G. DE Takats. J. Clin. Investigation 17: 
385, 1938. (3) Cushing, H. Surg., Gynec. and 
Obstet. 65: 1, 1932. (4) Diim, D. B. Life, heat and 
altitude. Cambridge, 1938. (5) Evans, G. Am. J. 
Physiol. 110: 273, 1934. (6) Feldman, J., R. Cor- 
TELL AND E. Gellhorn. Am. J. Physiol. 131: 
281, 1941. (7) Freeman, N. E. Am. J. Phj'siol. 
103: 185, 1933. (8) Gellhorn, E. Journal Lancet 
63: 307, 1943. (9) Gellhorn, E., R. Cortell 
AND H. B. Carlson. Am. J. Physiol. 135: 641, 
1942. (10) Gellhorn, E., R. Cortell and J. 
Feldman. Am. J. Physiol. 133: 532, 1941. (11) 
Gellhorn, E. and J. Feldman. Am. J. Physiol. 
133: 670, 1941. (12) Gellhorn, E., J. Feldman 
AND A. Allen. Arch. Neurol, and Psychiat. 
47: 234, 1942. (13) Gellhorn, E. and M. Kessler. 
Proc. Soc. Exper. Biol, and Med. 46 : 64, 1941. 


(14) Gellhorn, E. and J. Minatota. J. Neuro- 
physiol. 6: 161, 1943. (15) Gellhorn, E. and K. 
Seese. Federation Proc. 2: 15, 1943. (16) Gell- 
horn, E. AND E. H. Lambert. The vasomotor 
system in anoxia and asphyzia. Univ. of Illinois, 
Urbana, 1939. (17) Keller, A. D. Arch. Pathol. 
21: 165, 1936. (18) Keller, A. D. and M. C. 
D'Amour. Arch. Pathol. 21; 185, 1936. (18) Ken- 
NARD, M. E. J. Neurophysiol. 6: 405, 1943. (20) 
Kraines, S. H. and I. C. Sherman. J. A. M. A. 
114: 843, 1940. (21) Masserman, J. H. Arch. 
Neurol, and Psychiat. 37: 617, 1937. (22) Page, 
J. D. J. Comp. Psychology 31: 181, 1941. (23) 
Ranson, S. W. Res. Publ. Assoc. Nerv. and Ment. 
Dis. 20: 342, 1940. (24) Ranson, S. W.and H. W. 
Magoun. Ergebn. d. Physiol. 41: 56, 1939. ( ) 
Rein, H. Arch. f. klin. Chir. 189: 302, 1937. (26) 
Rydin, H. and E. B. Verney. Quart. J. Exper. 
Physiol. 27: 343, 1937-38. (27) Van Middles- 



FEDERATION PROCEEDINGS 


271 


•n-ouTH, L., R. F. Klinu and S. \X. IIhitton. 
Am. J. Physiol. 140: 474, 1914. (2S) Wolf, S. 
AND H. G. Wolff. Human e.astric secretion. 
New York, 1943. (29) Tlio reference.^ not listed in 


the bibliographj' will be found in; E. (jELi.iionN. 
Autonomic regulations, their , significance for 
physiology, psychiatry and neuropsychiatry. 
Intcrscicnec Publishers, Inc., New York, 1943. 


PSYCHOSOMATIC APPROACH TO Pin'SIOLOGICAL DYSFUNCTION 

AND DISEASE 

FLANDERS DUNBAR 

Dcpartmcnls of Medicine and Psychialnj, Columbia Universilu Medical Center, New York 


I. Psychosomatic concepts in relation to recent ad- 
vances in physiology. The term psychosomatic had 
an'aura of newness and str.angencss to most physi - 
cians a decade ago. Those interested in research 
have become familiar with it and have found it 
increasingly essential ns an approach to their 
major, problems. Since September 1939 practicing 
physicians, both military and civilian, have been 
turning more and more to the contributions of 
such research for help with the major illnesses 
which challenges medicine in this crisis. It has 
been found that about eighty per cent of the ill- 
ness syndromes which cause disability in the 
armed forces, as well as in the industrial army, 
require a psychosomatic approach for adequate 
diagnosis and treatment. 

According to the psychosomatic view, the crite- 
rion of health is maintenance by the organism of 
homeostatic equilibrium within itself and within 
its environmental field. Hence there is need for a 
new approach to classification of the subject mat- 
ter of medicine, based on psychosomatic concepts. 
The major contributions to these concepts have 
come from physiologists on the one side and 
from medical psychologists on the other. But it has 
been difficult to establish common points of refer- 
ence and common terms for these two disciplines. 
Traditional nosology is inadequate in both psy- 
chiatric and somatic phases, and there is little 
contact between their terminologies. The disease 
entities now recognized in each of these fields have 
little relevance either to the organism as a whole 
or to the organism-environment continuum. 

What is needed is a system of classification which 
will aim, not at defining disease entities in the 
traditional sense, but rather at describing dynamic 
processes in ill persons. It should begin with the 
organism-environment continuum, and its material 
should relate to the flow of energy in a field of ten- 
sion. It should lend itself to quantitative measure- 
iDent, assuming that the appropriate techniques 
can be devised. 

Thus, in the case of hypertension, the name 
should suggest the energy economy of the particu- 
,Iar organism in its environmental situation, to- 


gether with both behavioral and somatic symp- 
toms. It should be capable of minor variation to 
parallel the minor variations of personality and 
symptom found within the general class. With 
such a nosology our thinking would be clarified 
and communication would be facilitated. 

A well -adapted nomenclature is an aid to scien- 
tific progress. It is suggested that an adequate 
nosology can be best developed by the use of 
mathematical symbols such as are employed in the 
more mature sciences, like physics. This sugges- 
tion will be elaborated in another paper. 

There is a habit of calling certain diseases psy- 
chosomatie in contradistinction to others. Some 
physicians think of psychosomatic medicine as a 
medical specialty parallel to internal medicine or 
psychiatry. But as a matter of fact, psychosomatio 
is merely an adjective which properly is applied to 
a method of approach useful in dealing with all 
types of human ailments, and essential to the diag- 
nosis and treatment of some. 

The dichotomy between psyche and soma which 
some feel is implied by the terms is the result of 
the way in which the scientific method in medicine 
has developed, and does not exist in the organism 
itself. The psychosomatic approach which repre- 
sents a stereoscopic picture of the results of the 
two methods of observation should be valuable in 
dealing with all known diseases and even with some 
illness syndromes not yet recognized as disease 
entities. 

There was a period in the history of civilization 
during which the major and often the only ap- 
proach to the cure of disease was through the 
emotions. Methods of developing emotional atti- 
tudes in sick people were the most effective instru- 
ments in the therapeutic armamentarium of the 
medicine man and the witch doctor. With the 
progress of medical knowledge such techniques 
were called unscientific and were discouraged. 

During the last four or five decades, a respectable 
body of scientific knowledge has been accumu- 
lated on which to base techniques for dealing w ith 
the psychic as well as with the somatic manifes- 
tations of dysfunction in the human personality. 
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Methods have been developed which will produce 
and cure neuroses in such animals as dogs, cats, 
sheep and rats, and it is known that disturbances 
in the energy economy of these animals may result 
in physiological as well as behavioral disorders, 
just as happens in human beings. 

Any textbook incorporating the psychosomatic 
approach to medicine (three have been published 
within the last year; Weiss and English, 1943; 
Dunbar, 1943; and Hunt, 1944) includes an outline 
of the nature of dysfunction of the total personal- 
ity and its manifestations in each organ system of 
the body, as well as a review of the personality 
types most susceptible to one or another of the 
well-known disease entities. It has become a 
platitude that “it is more important to know what 
kind of patient has the disease than what kind of 
disease the patient has." 

As knowledge of physiological processes and 
sequences increases, more and more sequences are 
encountered which cannot be accurately observed 
or analyzed through the techniques of physiology 
alone. More complete understanding of them can 
be accomplished by a superposition of what can be 
observed by way of the techniques of physiology 
and by way of the techniques of psychology. 
Psychic and somatic phenomena take place in the 
same biological system and are probably two as- 
pects of the same process.* All advances in medical 
knowledge probably should be reviewed in the 
light of recent developments in psychosomatic 
research. 

Although infectious diseases are not generally 
reckoned in the eighty per cent of medical prob- 
lems for which the psychosomatic approach is 
necessary, and although the application of bac- 
teriological and physiological knowledge, with the 
aid of public health measures, has removed epi- 
demiological diseases from among the first ten 
causes of mortality; colds and other infectious 
diseases are still responsible for a large percentage 
of labor wastage. Recent studies have shown that 
the psychosomatic approach is useful in dealing 
with these problems also. It is to be remembered 
that Osier said, “What happens to a patient with 
tuberculosis depends more on what he has in his 
head than on what he has in his chest." It is inter- 
esting also that the latest (14th) edition of Osier’s 
Principles and Practice of Medicine (See Christian, 
1942) has appeared with a first section devoted to 
psychosomatic medicine and functional diseases of 
the nervous system instead of the traditional 
chapter on infectious diseases. Earlier, in January 
1939, occurred the initiation of the journal Psycho- 
somatic Medicine, Experimental and Clinical 
Studies, was initiated. 

* See Introductory Statement by the Editors, 
Psychosom. Med. 1: 4, Jan. 1939. 


The application of this point of view resulted 
in the inclusion of a discussion even of susceptibil- 
ity to accidents in a recent colloquium on problems 
in psychosomatic medicine. It might be supposed 
that in infectious diseases, for instance, where the 
no.xious agent is introduced from the environment, 
the personality has no role to play, and yet it is 
apparent even without careful study that this view 
ignores the factor of differential immunity. It 
might appear still more obvious that injuries 
resulting from accidents are caused solely by en- 
vironmental impact, but psychosomatic study has 
revealed that this is far from the whole truth since 
it’does not explain the well authenticated observa- 
tion that some persons are far more prone to 
accidents than are others. 

Maintenance of homeostatic equilibrium within 
the organism in its environmental field is essential 
for health and for efficiency. Sometimes the physio- 
logical aspect of a disturbance may be considered 
primary and physiological methods may be mod- 
erately effective, and the same is true of the psy- 
chological aspect and methods. But usually the 
best results are accomplished by a combination of 
the two. 

II. Psychosomatic approach to convalescence and 
rehabilitation. Leading scientists and physicians 
are in general agreement as to psychosomatic con- 
cepts and the importance of their application to 
the problems confronting medicine today. Darwin 
w'rote, “Without hypothesis there is no useful 
observation.” Much needs to be w’orked out from 
the point of view of techniques, both medical and 
social, to make such application possible. More 
scientific studies correlating observations by way 
of physiological and psychological methods are 
needed, and physicians must be trained in the use 
of the stereoscopic picture thus obtained. Its place 
in diagnosis is described in Dunbar, 1943. Some 
suggestions as to its use in therapy are to be found 
in Weiss-English, 1943; Alexander, 1939; Saul, 
1941; Dunbar-Arlow, 1944; and Hunt, 1944. 

Although the psychosomatic approach has an 
application to all medical problems, it has a partic- 
ular importance in relation to convalescence and 
rehabilitation. The chronic diseases wdiich take 
their toll in the older age groups claim first place 
also as occasioning disability in the younger age 
groups, and their importance for both young 
and old increases in all times of crisis, eco- 
nomic and military. According to the statis- 
tics of the Metropolitan Life Insurance Company, 
evfery other individual in the United States past 
the age of 50 years dies of cardiovascular-renal 
disease. From other sources we have evidence that 
probably half of these deaths are due to essentia 
hypertension; that is, that almost one quarter o 
ail people past the age of 50 years dies of the cffcct.s 
of hypertension on one or another of the vita 
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organs. Thus essential hypertension becomc.s the 
greatest problem of middle ndult life, not even 
excepting cancer. (Weiss, 1939). And yet this im- 
portant illness is one in which the causative agents 
arc essentially unknown. B\it one thing wo do 
know is that in this" illness the emotional factors 
play an important and often a determining r61c. 

Anyone inclined to give little heed to such state- 
ments as these because of a feeling that it is the 
young r.ather than the old who deserve medien! 
protection, should consult the recent National 
Health Survey which has shown tliat nearly half 
of our sufferers from chronic disease arc under 45 
years of age, and 70 per eent of them are under 55. 
As a matter of fact only 15 per cent of all persons 
with chronic disease arc over 65 years of age. Fur- 
thermore, other surveys have shown that the very 
illnesses which take their major toll in terms of 
death, disability, and invalidism in the older age 
groups are as prominent in proportion to total 
illness in younger age groups; for e.v.ample, cardio- 
vascular disease and accidents. 

Already more than half of our patient-hospital 
days are devoted to the care of the chronically ill. 
Such patients require one half of the annual serv- 
ices of physicians and almost three fourths of the 
annual bedside nursing days. It is estimated that 
even now one out of five persons in the United 
States has some chronic disease, and that about 
two thirds of these are disabled for twelve months 
or more. It has been discovered that exacerbations 
of chronic illnesses are likely to occur in times of 
stress, and that they can be ameliorated or pre- 
vented by combined attention to psychic and so- 
matic aspects of the illness. (See Dunbar, 1936- 
1938; Billings, 1937.) Rivers wrote, “Don’t de- 
vote all your energy to the study of medicine; 
■from time to time study a patient comprehensively' 
and not merely according to existing medical 
curricula and horizons.’’ 

Aside from merely therapeutic considerations, 
the reduction of chronic disease and the shorten- 
ing of convalescence on the part of sufferers from 
it, would eliminate a tremendous economic waste. 

, Similar success in rehabilitation of returned 
service men suffering from disabilities would not 
only eliminate economic waste but would save the 
Federal budget many millions of dollars. (See, for 
example, reports on “The Hospital Survey for 
New York,” 1937-1938.) Much the same principles 
are applicable to both types of cases. These prin- 
ciples involve understanding of the psychosomatic 
approach. 

Fundamental to successful treatment is a will to 
get well on the part of the patient. Psy'chosomatic 
diagnosis has revealed that especially in chronic 
diseases, and even in fractures, there exists a will 
to be or to remain sick because the patient is using 
his illness as a means of escaping responsibility. 


unpleasant life situations, or internal conflict 
•with which ho docs not know how to deal olhor- 
■wiso. This statement docs not imply the existence 
of conscious malingering. To state what occurs, in 
more physiological terms, when the energy re- 
leased in the patient by external stimulus or 
internal conflict is mobilized for action but no 
appropriate action is taken, it is likely to become 
bound in somatic symptoms, and the tension, 
instead of being dissipated in appropriate behav- 
ior, eonlinucs to disturb internal homeostasis. 

Returned soldiers arc influenced not only by the 
ordinary motives to find their release in pathologi- 
cal symptoms, but they are also driven in this 
direction by special difficulties of their own. 
While enduring the abnormal traumata and pres- 
sures of war, they have idealized their lives at 
homo and have also developed an e.xpoclation that 
they' deserve extraordinary rewards on returning 
to civilian life (Kubic, 1914). 

When they discover that home is not all they 
imagined it to be and that they must resume the 
dull civilian routine without special consideration, 
they frequently regress to the attitude of the in- 
fant who insists on being cared for, and of course 
being sick renders this care necessary. In addition, 
governmental support or compensation during 
illness may remove much of the incentive for 
recovery if this attitude is uncorreoted. 

In dealing with the emotional origin of symp- 
toms the most important goal for the physician is 
the development of insight in the patient concern- 
ing the way in which he deals with his unsolved 
conflicts, or his unacknowledged reasons for being 
sick. In this endeavor, it is exceedingly important 
to avoid any encouragement of the guilt and anxi- 
ety' which are usually' already present. Often 
spontaneous statements on the part of thepatient 
will reveal to him the real meaning of his sy'mp- 
toms. When insight is once achieved, the patient, 
with the doctor’s assistance, may be able to learn 
a better method of dealing with what has disturbed 
him and so cease to need the symptom. This, 
combined with whatever ordinary medical routine 
is required, often will go far toward shortening 
convalescence. 

A case which illustrates these points was that of 
a patient who was suffering from an obscure heart 
ailment and on three different occasions was hos- 
pitalized with such severe attacks that she had to 
be kept in an oxygen tent. After insight was de- 
veloped she completely recovered, and has had no 
recurrence over a period of six years. Concerning 
her illness, this patient said: “Until you made me 
face what was really bothering me, and showed me 
I could do something about it, life was impossible 
except when I was sick. It may sound funny to you, 
but it used to be a relief to have a real pain to fight, 
instead of my husband, and all the people I hated 
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and felt despised me. What I used to call the knife 
in my heart hurt so much that it blotted out every- 
thing else, everything that bothered me. It wag 
like being drunk but even more potent.” 

III. Conclusion. The great physiological ad- 
vances of recent years have made possible the 
development of psychosomatic medicine by show- 
ing the association between emotions and bodily 
processes. Without simultaneous consideration of 
both it is impossible to make much headway with 
convalescence in that group of diseases which now 
accounts for by far the heaviest burden of mor- 
tality and morbidity. The same techniques are 
applicable to the rehabilitation of service men and 
women. Medical psychology has developed the 


. techniques for doing so. They involve development 
in the patient of insight regarding the relationship 
between his emotional conflicts and his symptoms, 
an insight which makes possible the will to get 
well. If this goal is achieved, the patient’s anxiety 
is relieved and he is able to assist the physician in 
shortening the period of convalescence. Without 
this cooperation, recovery is always retarded and 
it is sometimes impossible. 

As Gatti wrote, "Quand on est malade, e’estune 
dispute entre le malade et la maladie” (Jlisloires 
Mhdicales). When both the patient and the physi- 
cian realize this, their co-operative achievement 
as a team in conquering disease is enormously 
increased. 
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work. Family 22: 219, 1941. Weiss, E. Recent 
advances in the pathogenesis and treatment of 
hypertension; a review. Psychosom. Med, l! 
180, 1939. Weiss, E. and 0. English. Psychoso- 
matic medicine ; the clinical application of psycho- 
pathology to general medical problems. Phila, and 
Bond., W. B. Saunders Co. 687 pp., 1943. 
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The last Annual Meeting was hold in Boston in 
1942, At the request of the Oflice of Defense Trans- 
portation the Executive Committee voted to dis- 
pense with the Annual Meetings scheduled for 1943 
and 1944. The Executive Committee now feels, and 
has so voted, that the best interests of the Federa- 
tion will bo jeopardized should a third consecutive 
Annual Meeting be cancelled. 

Nevertheless, transportation and hotel facilities 
are still heavily burdened. To meet this situation 


as far ns may be at the present time, the Executive 
Committee, in collaboration with the Cleveland 
Local Committee, has planned the meeting for the 
mid-week, Tucsd.ay, Wednesday and Thursday, 
with provision for scientific sessions and business 
meetings in the evening. 

Provisional arrangements for the meeting by the 
Local Committee arc given below. Final arrange- 
ments \rill be published in the program section of 
the next issue. 


CLEVELAND MEETING 


The Federation will meet in Cleveland May 8, 
9, 10, 1945. At present the Executive Committee 
of the Federation and the Local Committee are 
planning to streamline this meeting in conformity 
with wartime conditions. Scientific and business 
meetings will be held Tuesday and Wednesday 
mornings, afternoons and evenings and Thursday 
morning and afternoon. Monday will be devoted to 
Council and Executive Committee meetings and 
to registration. 

Headquakters -AND MEETING PLACES. The head- 
quarters of the constituent societies will be 
grouped in two hotels as follows : 

Hotel Cleveland 

American Physiological Society 

American Society for Experimental Pathology 

American Association of Immunologists 

Hotel Stailer 

American Society of Biological Chemists 
American Society for Pharmacology and Experi- 
mental Therapeutics 
American Institute of Nutrition 
As far as possible, all scientific sessions of each 
society will be held in the headquarters hotel 
designated. The Federation Joint Session and the 
motion picture demonstrations will be held at the 
Hotel Statler. Programs and additional announce- 
ments will be published in the March issue of the 
Federation Proceedings. 

The Local Committee wishes to express an 
- earnest desire to assist in the arrangement of group 
dinners or group gatherings during the period of 
the meetings. The Local Committee will gladly 
make all preliminarj' arrangements and sell 
tickets, if desired, but all guarantees and other 
obligations must be assumed by the society or 
group involved. Such arrangements should be 
made in advance of the meetings. Information 


regarding suitable location, probable menus and 
prices for group luncheons and dinners may be 
obtained by writing to the Secretary of the Local 
Committee. 

The Annual Dinner of the Society for Pharma- 
cology and Experimental Therapeutics will be 
held on Thursday evening. The Circulation Group 
will also arrange a program-dinner on Thursday 
evening 

It is planned to have an informal smoker Tues- 
day evening following the business meetings. 

Registration. Registration will start Monday, 
12 noon, May 7th, at both of the headquarters 
hotels. A person wiio is a member of any of the 
constituent societies of the Federation registers 
as a Member. Individuals from any recognized 
biological laboratory may enroll as Associate 
Members of the Federation for the meeting. A 
registration fee of one dollar will be required from 
each Member and Associate Member. Admittance 
to the scientific sessions is restricted to persons so 
registered. Registrants accompanied by members 
of their immediate family who are not eli^ble for 
registration may obtain guest privileges for them 
at the time of registration. Programs and abstracts 
will be on sale at the registration desks. 

Hotel reservations. Each person should make 
his or her own hotel reservation, indicating the 
time of arrival and departure, li is important to 
slate that the room is desired for the Federation. 
Meetings and it is csseiilial that hotel reservations he 
made before April IS, 194S. The Local Committee 
has fairly adequate room guarantees for persons 
attending the Federation Meetings. However, 
because of the heavy strain placed upon hotels at 
this time they cannot promise reservations for the 
Federation Meetings after April 16, 1945. 

The followdng prices per room have been quoted 
for the meetings: 
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DOWNTOWN 

Hotel Cleyeland, Public Square— Single, $3.00- 
5.00, Double, $4.50-7.00. Twin Bed, $6.00-10.00, 
Suites, 4 persons, $20.00. 

Hotel Statler, Euclid, E. 12th— Single, $3.00-4.50, 
Double, $5.00-6.50, Twin Bed, $5.00-8.00, Suites 
(4 persons) , $10.00-15.00. 

Hotel Carter, Prospect near E. 9th— Single, 
$3.50-4.50, Double, $5.50-6.50, Twin Bed, 
$6.00-7.00. 

Hotel Hollenden, Superior, E. 6th— Single, $3.50- 

5.50, Double, $5.00-8.00; Twin Bed, $6.00-8.00. 
New Amsterdam, Euclid, E. 22nd — Single, $1.50- 

2.50, Double, $2.00-4.50. 

Hotel Auditorium, Opposite Public Auditorium — 
Single, $2.75-3.00; double, $4.50-5.00. 

Hotel Olmsted, Superior, E. 9th — Single, $3.00, 
Double, $6.00. 

EAST SIDE 

Tudor Arras Hotel, Carnegie, E. 107th — Single, 
$3.50-7.50; Double, $6.00-11.00. 

Fenway Hall, Euclid, E. 107th — Single, $3.50; 
Double, $6.00. 

Wade Park Manor, Park Lane, E. 107th — Single, 
$3.00-4.50; Double, $5.00-6.50. 

All of the downtown hotels are within easy 
walking distance of each other. The walk between 
the two headquarters hotels can be made easily in 
ten minutes; however, there are convenient, 
frequent and cheap street car and taxi services 
between the hotels. It will facilitate accommoda- 
tion of the maximum number of registrants if as 
many persons as possible will double up in making 
room reservations. 

Demonstrations and motion pictures, (a) 
Static Demonstrations. Due to difficulties of trans- 
portation and of making suitable arrangements 


during wartime, the static demonstrations will be 
omitted this year. 

(b) Motion Picture Demonstrations will be shown 
at the Hotel Statler. Each motion picture will be 
shown several times during the sessions by an 
operator provided by the Local Committee, 
according to the schedule to be announced by the 
Local Committee. Demonstrators may explain 
their motion pictures or provide mimeographed 
sheets in explanation, if needed. ' 

Only 16 mm. film can be shown; films that do not 
conform to the usual underwriter's conditions for 
home exhibition cannot be shown. Motion ’pictures 
cannot be shown at scientific sessions and only those 
officially announced in the program will be run. 

The Secretary of the Local Committee must be 
notified as to the title, authorship, time of run, 
and size of reel, before March 15, 1945. 

CLEVELAND LOCAL COMMITTEE 

General Chairman: 0. J. Wiggers. 

Sub-committee Chairmen: H. Goldblatt (Recep- 
tion, Registration, Information, Hotels); J. P. 
Quigley (Meeting Places); A. D. Welch (Public 
Information). 

Secretary; H. D. Green. 

Treasurer; A. Sidney Harris. 

General Committee: Torald Sollmann, H. T. 
Karsner, V. C. Myers, C. J. Wiggers. 

Sub-committees: Reception, Registration', etc.: 
H. Goldblatt, A. H. Free, E. E. Ecker, H. Chase, 
J. W. Price, J. R. Leonards, D. F. Opdyke, L. 
Peters, I. H. Page. Meeting Places, etc.; J. P- 
Quigley, A. S. Harris, R. I. Dorfman, J. W. Mull, 
R. Dominguez, R. L. Thompson, E. E. Selkurt, 
E. B. Bueding, C. A. Kuether, A. C. Corcoran. 

To avoid confusion, address all inquiries to the 
Secretary of the Local Committee, Dr. Harold D. 
Green, Dept, of Physiology, School of Medicine, 
Western Reserve University, Cleveland 6, Ohio. 


THE HARVARD APPARATUS COMPANY, THE AMERICAN JOURNAL OF 
PHYSIOLOGY, AND DR. W. T. PORTER 


The undersigned, having on the request of W. T. 
Porter assumed the guidance of the Harvard Ap- 
paratus Company, wish to place on record Dr. 
Porter’s unique services to Science. Some forty- 
five years ago, when there was scant if any labora- 
tory teaching of physiology in our colleges and 
universities outside the medical schools, and 
laboratory teaching of physiology in medical 
schools was just emerging, Dr. Porter saw the 
probable importance of rendering available to our 
colleges, universities and medical schools good 
standard apparatus at the lowest possible cost for 


the laboratory teaching of physiology. Dr. Porter 
started the Harvard Apparatus Company as a 
private corporation, partly on borrowed funds. 
This business has been conducted by Dr. Porter 
in the public interest, and without commercia 
profit. When there was a modest annual surplus, 
this w'as used: (a) to improve production equip- 
ment, (b) to provide a pension fund for the 
pany’s employees, and (c) to finance the W. • 
Porter Research Fellowship in Physiology, ad- 
ministered by the Council of the American Physi 
ological Society. We intend to continue these 
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policies. The research fellowship was started by 
Dr. Porter in 1020, and to date the H.nrvnrd Ap- 
p.sr.ntiis Company has paid to the American 
Physiological Society approximately S2S,000 for 
this Fellowship Fund. So far this annu.al fellowship 
h.as been awarded to qualified young investigators 
working in well equipped laboratories in the 
United States and in Canada. We feel sure that the 
Council of the American Plo’siological Society 
will give due consideration to applications from 
qualified j'oung investigators working in well 
equipped laboratories in other countries. 

In 1929 Dr. Porter offered tho Harvard Ap- 
paratus Company as a free gift to the American 
Physiological Society. The Society did not con- 
sider it feasible to undertake the management of 
the Company. But the Council of the Society at 
that time said; “There is no one agency, during 
recent years, which has contributed more to the 
sound teaching in experimental physiology in this 
country' than has the Harvard Apparatus Com- 
pany." 

In 1934 the Harvard Apparatus Company was 
reorganized as a non-profit corporation under the 
laws of the State of Massachusetts “for the pro- 
motion of teaching and research in physiology and 
its allied sciences.” Dr. Porter gave to this cor- 
poration all property owned by the private 
Harvard Apparatus Company corporation. Dr. 
Porter has received no salary for his services to 
the corporation. We intend to follow Dr. Porter’s 
example, with (we hope) some of Dr. Porter’s 
efficiency and vision. In recent years the services 
to the sciences of functional biology' rendered by 


Dr. Porter within our own borders have been 
e.xtendcd to many' other countries. The services of 
tho Company can be further extended to tho 
liberal arts eollcges, junior colleges, and high 
schools W'hcrc experimental phy'siology has not yet 
been introduced ns an element of a liberal educa- 
tion, a foward step in tho education of tomorrow, 
probably' in the cards. 

Forty-six years ago Dr, W. T. Porter founded 
Tlie American Journal of Physiology (for the 
publication of research), and for 16 y'cars ho 
carried tho entire financial responsibility and 
editorial burden for tho first 33 volumes, that is, 
until 1914, when Dr. Porter presented this Journal 
(including back volumes in stock) as a gift to the 
American Physiological Society. 

These are significant services to science and to 
our fellow men. They call for more than a passing 
note, ns they' echo and amplify the voice of the 
English chemist, James Smithson of a hundred 
years ago, whose vision of science, w'hose faith in 
man, and whose material wealth established the 
Smithsonian Institution of Washington, “for, the 
increase and diffusion of knowledge among men.’* 
A. J. Carlson, Chairman 
University of Chicago 
Philip Bard 

Johns Hopkins University 
Walter E. Garrey 
Vanderbilt University 
F. W, Weymouth 
Stanford University 
Maurice B. Visscher 
University of Minnesota 


KENEWED ANTIVIVISECTION THREAT 

A Report st the Comuhttee on Defense of Biological Research 
G. H. Whipple, Acting Chairman, A. B. Luckhardt and C. I. Reed, Secretary 


For many years it has been the policy of the 
experimental biologists to give cognizance to the 
existence of the antiviviseotionists’ activities only 
when they have constituted overt legislative 
threats to the freedom of scientific research. 

The relative ease and speed with which these 
attacks have been disposed of in most instances 
has tended to minimize the potentially serious 
nature of the antivivisection movement. 

When one considers the cost in energy' and 
money involved in defeating the proposed Humane 
Pound Law in California in 1937, and in the almost 
continuous legislative battles in Chicago e.xtend- 
ing over a period of nearly twenty y'ears, one 
becomes impressed with the possibility that what 
has happened in England and in some sections of 


this country' may be extended to the country as a 
whole. 

The Committee on Defense of Biological Re- 
search was appointed by the Executive Committee 
of the Federation. This Committee has been given 
no mandatory powers, nor any specific instruc- 
tions. At first, there w'ere no funds available for 
its use, but later the Physiological Society agreed 
that the Committee could draw on its Treasury to 
the extent of $250.00 annually. Actually, the draft 
has never exceeded $50.00 in any one year, and has 
usually' been much lefes. 

The first Chairman of the Committee, Dr. Elliott 
C. Cutler, now on leave with the overseas forces, 
has served also as Chairman of a similar but some- 
what larger committee of the .American Medical 
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Association. No distinction can be made in the work 
of these two groups as the Chairman has called upon 
the membership and the available facilities of both, 
as circumstances have indicated. The personnel 
of both groups has functioned in close co-operation 
with the Bureau of Health Education and the 
Bureau of Legal Medicine of the American Medical 
Association, which has rendered indispensable 
service as a legal adviser. 

During the period of existence .of the Committee 
on Defense of Biological Research, the combined 
group has participated in some manner in the 
defeat or neutralization of proposed restrictive 
legislation in 33 instances, either in Congress, in 
state legislatures or in various cities. The extent 
of participation has varied in character and im- 
portance. In most instances, its functions have 
been limited to advice on legislative procedure, 
information on sources of campaign literature, 
supplying such literature from existing files of 
reprints and pamphlets and writing special ma- 
terial more suitable for particular occasions. In 
other instances, members of the group, or others 
whose services were especially requested, have 
participated directly as speakers or consultants in 
local activities. In a few cases assistance has been 
rendered in securing funds to be used by our 
colleagues in local campaigns. In two instances 
restrictive bills were introduced somewhat sur- 
reptitiously into state legislatures without having 
been discovered by the experimentalists residing 
in those states. In one of these cases the bill was 
never called for a hearing. In the other it was 
withdraum by the proponent. In both instances 
Committee activity was a decisive factor. 

Sometimes, local groups have desired to work 
independently. And it is impossible for the Com- 
mittee to function importantly where strong local 
organizations exist, such as the Illinois Society 
for the Protection of Medical Research or the 
corresponding organization in California. On the 
other hand, local groups never previously involved 
in such a fight, and therefore not organized in 
advance or prepared by experience, have profited 
greatly from the assistance the Committee was 
able to render. Full credit is extended to each 
person, whether a member of either Committee, or 
a local resident who has co-operated by supplying 
information about influential factors which might 
be utilized, or in some other decisive manner. It 
is impossible to give a. comparative evaluation of 
the work of individuals. It can only be stated that 
they have co-operated in the total efforts and that 
the results of those efforts have been, in general, 
favorable to the continued pursuit of research. 

But all of this activity has been of a purely 
defensive nature. Furthermore, there does not 
exist anywhere in the world any provision actually 
legalizing experimental investigations on living 


subjects, except the state law in Nebraska which 
legalizes work on animals but does not provide any 
authorization for securing them. While there are 
ordinances in many cities permitting the use of 
impounded dogs for experimental purposes, even 
these do not legalize the experimental procedures. 

Wlien the situation in California became so 
acute in 1937, Dr. Cutler took the stand that the 
traditional defensive attitude should be aban- 
doned in favor of aggressive positive action. 
Accordingly, he directed that a model law should 
be drafted which would, after the manner of the 
Anatomical Materials Acts in force in all states 
where medical schools exist, remove this problem 
from local control, and make mandatory the 
surrender of unclaimed material available in any 
city in the state. Such a model law was prepared 
and has been examined and revised by several 
groups of legal advisers until it appears to be 
adaptable to any situation, national, state or 
urban. Plans were well under way to introduce it 
into Congress in 1941, but the war intervened. 
Previously, efforts had been made to have the bill 
put through in California and Wisconsin, but local 
groups felt it inadvisable to undertake the project 
because of the probable magnitude of the cost. 
However, the model is still available to anyone 
desiring to use it. 

The use' of impounded dogs is legalized by 
ordinance in Chicago, St. Loms, Louisville, 
Detroit, Dallas, Houston, Galveston and possibly 
a few other places. But even this does not insure 
that the animals will be available, nor does it 
insure that a researcher will not be prosecuted 
under other existing legislation. 

This total situation renders the position of the 
experimental biologists especially vulnerable. In 
a recent hearing . before the Chicago City Council 
the above cities were referred to in such highly 
uncomplimentary terms that it was necessary to 
refute the argument by pointing out that in other 
cities where legal provisions have not been made 
for the use of locally impounded dogs, it has been 
necessary to secure dogs at greater cost from other 
sources of supply. Where dogs have been secured 
from contract dealers, there can be no assurance 
that the latter are legally entitled to sell them. 

Numerous attempts have been made to have 
legislation adopted in Congress which would not 
only prevent the use of dogs in the medical schools 
in the District of Columbia and in all federal 
institutions wherever located, but some^ of the 
measures would have prohibited all experimenta 
work on all sub-human forms of life. The latter 
objective we know to be the avowed ultimate ^a 
of all antivivisectionist activity. After the^ is 
astrous attempt on the part of the Nations 
Antivivisection Society in 1929 to have adopte y 
the legislature of Illinois a bill of such extreme 
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Mtiiro, tlio Courtney bill, the strntegy of all 
organizations furthering antivivisoction measures 
has been to confine nil immediate efforts to re- 
stricting or abolishing the use of dogs. However, 
a perusal of bulletins of the various antivivisoc- 
tionist groups reveals that the original purpose, 
first announced nearly a century ago, has never 
been abandoned. Once they have accomplished the 
prohibition of the use of dogs, they will, by a 
process of attrition, secure prohibition of the use 
of other species, one by one. 

The antiviviscctionists have the advantage that 
they can and do operate on a national scale, noth 
the support of huge endowments and with full time 
executives. We experimental biologists have no 
agency through which we can carry on a sustained 
educational program on a national scale. Only 
when extreme emergencies arise do we devote time 
and energj' to our own group interests, and then 
onlj’ at the expense of our official duties and often 
with only casual support and little encouragement 
from administrative officers of the educational 
institutions supporting scientific research and 
profiting by the results thereof. 

Furthermore, the national antiwvisectionists’ 
organizations participate actively in all local 
legislative efforts, whereas the e.xpcrimental 
biologists have no national agenoj* representing 
all branches of their efforts and are not equipped 
to participate in local activities to any greater 
extent than has already been indicated. Some 
local groups have even resented and resisted any 
effort on our part to assist them. Unfortunately, 
many local groups seem to be indifferent to restric- 
tions and misfortunes befalling other local groups. 

It is true that some well organized local groups, 
such as the Chicago Scientific Association, are 
better able to cope with a purely local situation 
than any existing national agency. It is equally 
true, however, that any such group can profit 
greatly by being able to cite active support from 
any such national agency or from other isolated 
groups. This fact, therefore, does not argue against 
a national educational program designed to ac- 
quaint an enlightened citizenry with accomplish- 
ments in health conservation through animal 
e.xperimentation and to emphasize the importance 
of freedom of scientific research. It is being sug- 
gested to WTiters of scientific articles for lay 
publications that in all releases of scientific infor- 
mation some emphasis should be given to the place 
of animal experiments in the development of new 
information. 

Neither the lay voters nor the legislators are pel 
fully aware of the indispensafaility of animals for 
the advances which have been made or are to be 
made. The latter group are particularly naive in 
failing to comprehend the seriousness of their 


casual support of moasiiros ingeniously disguised 
as humane legislation. 

On January 0, 19-13, Ro])resontaliv'o Burdick 
introduced into the lower House of Congress a 
frank antiviviscclion bill which provides absurdly 
drastic penalties for trivial violation. A companion 
bill was introduced by Senator Langcr into the 
Senate on January ISth. Immediately, through the 
agency of our Committee, tlic Nortli Dakota Medi- 
cal Association was activated to take cognizance. 
As a result, the measure has 'remained im- 
mobilized. Several agencies arc carefully e.xamin- 
ing any activity presaging revival of interest in 
this measure by its proponents. 

It is certain that any type of proposed antivi- 
visection legislation can be defeated in Congress or 
in local communities where medical schools and 
research institutes exist, provided the local 
biologists and physicians present a strong opposi- 
tion, However, in certain states where such 
opposition is difficult to marshal the Antivivisec- 
tionists could be successful. Their success in a 
number of such states would obviously help their 
cause considerably. Their cause is now abetted 
by the fact that in many cities they are able to 
obtain and to destroy all unclaimed stray animals. 

The fact that thousands of cats and dogs are 
destroyed by anliviviscclionisls, when they could 
be used for research and teaching and when they 
have to bo secured by other means in most cities, 
should constitute a moral challenge to experimen- 
tal biologists. If our work is important for public 
welfare, why should we and an informed public 
permit tlie animals to be wantonly destroyed, and 
why should we be hampered in our work by lack of 
research material? Are the Antivivisectionists, 
S.P.C.A. and similar organizations so well en- 
trenched in some of our cities that unclaimed 
animals cannot be secured for teaching and 
research? 

These questions have been asked to provoke 
thought and to indicate the problems involved if 
animal e.xperimentation is to be elevated to the 
point where it is legalized or regarded by com- 
munities as sufficiently important to warrant the 
utilization of unclaimed impounded animals. 

T^our Committee feels that to some e.xtent it has 
been able to assist in antivivisection campaigns. 
However, it feels that it has not contributed and 
is not in a position to contribute as much as the 
issue requires. 

In conclusion, the Committee believes it is 
appropriate to inquire whether its existence is 
justified by those activities which it is able to 
conduct, namely, to use the name of the Federa- 
tion in support of animal experimentation in local 
antivivisection campaigns and to supply literature 
and advice when it is requested by local groups of 
biologists. It is hoped that concrete suggestions 
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as to other methods of procedure may be presented 
at the next meeting of the Federation. Meantime, 
attention is called to the plan now under con- 
sideration by the Association of American Medical 
Colleges for the establishment of a full time bureau 
to take over the functions of the Committee of the 
Federation and of the American Medical Associa- 
tion, and to enlarge support by bringing in other 
agencies and mechanisms not now integrated. 

No organization can accomplish much aggressive 


action or even hold off encroachments Mthout 
the enthusiastic support, not only of the constit- 
uent societies in the Federation, but of all of the 
medical organizations, the dental and pharma- 
ceutical groups, nutritionists, the American 
Association for the Advancement of Science and 
the food industries. With such support, a central 
agency such as has been proposed, could be much 
more effective and could do much to safe-guard 
biological research. 


EXECUTIVE COMMITTEE, 1944 

Phiup Baho, Wallace 0. Fenn, The Physio- 
logical Society 

E. A. Doist, Ahnold K. Balls, The Biochemical 
Society 

Ebwin E. Nelson, Raymond N. Bietee, The 
Pharmacological Society 

Baldwin LttCK:fi, H. P. Smith, The Pathological 
Society 

IciE Macy-Hoobler, Arthur H. Smith, The 
Institute of Nutrition 

Jacques J. Bronfenbrbnnbr, Arthur F. Coca, 
The Association of Immunologists 

Philip Bard, Chairman, Johns Hopkins Medical 
School, Baltimore 5, Md. 

Albert G. Hogan, Ex-Chairman 

D. R. Hooker, Secretary, 19 W. Chase St., Balti- 
more 1, Md. 

STANDING COMMITTEES 

Defence of Biological Research: Elliott C. Cut- 
ler, Chairman; George H. Whipple, Acting 
Chairman; A. B. Luckhardt, C. I. Reed. 

International Congresses: H. S. Gasser, Physiol- 
ogy, Chairman; A. J. Carlson, Physiology; 
D. D. Van Slyke, Biochemistry; E. K. Mar- 
shall, Jr., Pharmacology; Peyton Rous, 
Pathology; L. A. Maynard, Nutrition; J. J. 
Bronfenbre'nner, Immunology. 

Puhlic ^Information: Harry Goldblatt, Chair- 
man; R. G. Hoskins, R. W. Gerard. 

Placement Service: H. B. Lewis, Director. 

Representatives, Council A.A.A.S'.: G. Philip 
Grabfield, Charles G. King. 

Federation Proceedings, Control Committee: Philip 
Bard, Chairman; C. G. King, Arthur P. 
Locke, Morton McCutcheon, C. F, Schmidt, 
A. H. Smith. 

FORMER EXECUTIVE COMMITTEES 

Philadelphia, Dec. 28-31, 1913 

S. J. IMeltzer, Chairman, and A. J. Carlson, 

Secretary, The Physiolopcal Society. A. B. 

;Mac.\llum and P. A. Shaffer, The Biochemical 


Society. T. Sollmann and J. Auer, The Pharma- 
cological Society. 

St. Louis, Dec. 27-30, 1914 

G. Lusk, Chairman, and P. A. Shaffer, Secre- 
tary, The Biochemical Society. T, Sollman and 
J. Auer, The Pharmacological Society. R. M. 
Pearce and G. H. Whipple, Thh Pathological 
Society. W. B. Cannon and A. J. Carlson, The 
Physiological Society. 

Boston, Dec. 26-29, 1915 

Torald Sollmann, Chairman, and John Aueb, 
Secretary, The Pharmacological Society. Theo- 
bald Smith and Peyton Rous, The Pathological 
Society. W. B. Cannon and C. W. Greene, The 
Physiological Society. Walter Jones and P. A. 
Shaffer, The Biochemical Society. 

New York, Dec. 27-30, 1916 

Simon Flexner, Chairman, and Peyton Rous, 
Secretary, The Pathological Society. W. B. Can- 
non and C. W. Greene, The Physiological Society. 
Walter Jones and Stanley R. Benedict, The 
Biochemical Society. Reid Hunt and J. Aube, 
The Pharmacological Society; 

Minneapolis-Rochester, Dec. 27-29, 1917 

Frederic S. Lee, Chairman, and Charles W. 
Greene, Secretary, The Physiological Society- 
Carl L. Alsbbrg and Stanley R. Benedict, The 
Biochemical Society. Reid Hunt amd L. G. 
Rowntree, The Pharmacological Society. Ludvig 
Hektoen and Howard T. Karsner, The Patho- 
logical Society. 

Baltimore, April 24-26, 1918 

Carl L. Alsberg, Chairman, and Stanley B- 
Benedict, Secretary, The Biochemical Society. 
Reid Hunt and E. D. Brown, The Pharmacolo^- 
cal Society. H. Gideon Wells and Howard ■ 
Karsner, The Pathological Societ}'. Frederic • 
Lee and Charles W. Greene, The Pbysiologica 
Society. 
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Cincinnati, Dec. 29-31, 1919 

A. S. LoEVENHAnr, Chairman, and E. D. BnowN, 
Sccrclarij, Tlio riinrmacologicnl Society. W. G. 
MacC.\leem .and lIonwHD T. Karskeh, The Path- 
ological Society. Waruen' P. Lomhako and 
CitARLEs W. Gree.ve, Tlio Physiologic.al Sociot}'. 
Starlet R. Beredict and Victor C. Myers, The 
Biochemical Society. 

Chicago, Dec. 28-30, 1920 

WiLiAAii n. Park, Chairman, and Howard T- 
ICAnsRER, Secretary, Tiic P.athologic.il Society- 
W.ARRE.v P. Lo.mbard and Charles IV. Greere» 
The Physiological Society. Starlet R. Beredict 
and Victor C. Myers, The Biochemical Society. 
A. S. Loeverhart .and Edgar D. Brow.r, The 
Pharmacological Society. 

New Haven, Dec. 28-30, 1921 

J. J. R. Macleod, Chairman, and Charles W. 
Greere, Secretary, The Pliysiological Society. 
D. D. V.AR Slitce and Victor C. Myers, The 
Biochemical Society. C. W. Edmerds and Edgar 
D. Browr, The Pharmacological Society. F. G. 
Novy and "W.we H. Brown, The Pathological 
Society. 

Toronto, Dee. 27-29, 1922 

D. D. V.AR Slyke, Chairman, and Victor C. 
JItees, Secretary, The Biochemical Society. C. VSt. 
Edhurds and Edgar D. Browr, The Pharmaco- 
logical Society. Howard T. Karsner and Wade 
'H. Browr, The Pathological Society. J. J. R. 
Macleod and Ch.arles lY. Greere, The Physio- 
logical Societ}'. 

St. Louis, Dec. 27-29, 1923 

C. "VV. Edmunds, Chairman, and Edgar D. 
Brown, Secretary, The Pharmacological Society. 
E. L. Opie and W.ade H. Brown, The Pathological 
Society. A. J. C.arlson and Charles W. Greene, 
The Physiological Society. Philip A. Shaffer and 
Victor C. Myers, The Biocheraical Societj', 

■ Washington, Dec. 29-31, 1924 

Aldbed S. Warthin, Chairman, and E. B. 
Erumbhaar, Secretary, The Pathological Society. 
A. J. C.ARLSON and Walter J. Meek, The Physio- 
logical Society. P. A. Shaffer and D. Wright 
Wilson, The Biochemical Society. John Auer 
and E. D. Brown, The Pharmacological Society. 

Cleveland, Dec.. 28-30, 1925 

A. J. C-ARLsoN, Chairman, and Walter J . Meek, 
Secretary, The Physiological Society. H. C. Sher- 
man and D. Wright Wilson, The Biochemical 
Society. John .Auer and E. D. Brovatj, The Phar- 


macological-Society. George H. Whipple and E, 
B. ICrumbhaar, The Pathological Socict}'. 

Rochester, N. V,, April 14-16, 1927 

E. C. Kendall, Chairman, and F. C. Koch, 
Secretary, The Biochemical Society. John Auer 
and E. D. Brown, The Pharmacological Society. 

IV. H. Brow.v and E. B. KnuJinriAAR, Tlic Patho- 
logical Society. J. Erlanger and W. J. Meek, The 
Physiological Society. 

Ann Arbor, April 12-14, 1928 

Carl Voegtlin, Chairman, and E. D. Brown, 
Secretary, TJic Pharmacological Society. Davhd 
Marine and Carl V. Weller, The Pathological 
Society. Joseph Erlanger and W'alter J. Meek, 
The Physiological Society. E. V. McColluji and 
D. Wright Wilson, The Biochemical Society. 

Boston, Aug. 19-24, 1929 

(The Xllllh International 
Physiological Congress) 

Edward B. Kru.mbhaar, Chairman, and Carl 

V. . Weller, Secretary, The Pathological Society. 
Joseph Erlanger and Walter J. Meek, The 
Physiological Society. E. V. McCollusi and D. 
Wright Wilson, The Biochemical Society. Carl 
Voegtlin and E. D. Brown, The Pharmacological 
Society. 

Chicago, March 26-29, 1930 

Walter J. Meek, Chairman, and Alfred C. 
Redfield, Secretary, The Phj'siological Societj'. 
W. R. Bloor, and Howard B. Lewis, The Bio- 
chemical Society. Carl Voegtlin and E. D. 
Brown, The Pharmacological Society. William 
F. Petersen and Carl V. Weller, The Patho- 
logical Society. 

Montreal, April 8-11, 1931 

W. R. Bloor, Chairman, and H. B. Lerts, 
Secretary, The Biochemical Society. George B. 
Wallace and E. D. Brown, The Pharmacological 
Society. Frederick L. Gates and C. Phillip 
Miller, The Pathological Society. Walter J. 
Meek and Arno B. Luckhardt, The Physiological 
Society. 

Philadelphia, April 27-30, 1932 

George B. Wallace, Chairman, and V. E. Hen- 
derson, Secretary, The Pharmacological Society. 
Samuel R. Haythorn and C. Phillip Miller, 
The Pathological Society. Walter J. Meek and 
Arno B. Luckhardt, The Physiological Society. 
H. C. Bk.adlet and Howard B. Lewis, The Bio- 
chemical Society. 
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Cincinnati, April 10-12, 1933 

Peyton Rous, Chairman, and C. Phillip Mil- 
LEB, Secretary, The Pathological Society. Arno 

B. Luckhardt and Frank C. Mann, The Physio- 
logical Society. H. C. Bradley and Howard B. 
Lewis, The Biochemical Society. Wm. deB. Mac- 
Nider and V. E. Henderson, The Pharmacologi- 
cal Society. 

New York, March 28-31, 1934 

Arno B. Luckhardt, Chairman, Frank C. 
Mann, Secretary, and Alexander Forbes, Treas- 
urer, The Physiological Society. W. M. Clark 
and H. A. Mattill, The Biochemical Society. 
W. deB. MacNider and V. E. Henderson, The 
Pharmacological Society. Carl V. Weller and 

C. Phillip Miller, The Pathological Society. 

Detroit, April 10-13, 1935 

W. M. Clark, Chairman, H. A. Mattill, Secre- 
tary, and C. H. Fiske, Treasurer, the Biochem- 
ical Society. Charles W. Greene and Frank 

C. Mann, The Physiological Society. R. A. 
Hatcher and E. M. K. Gbilino, The Pharmaco- 
logical Society. S. Burt Wolbach and Shields 
Warren, The Pathological Society, 

Washington, March 25-28, 1936 

V. E. Henderson, Chairman, E. M. K. Geiling, 
Secretary, and C. M. Gruber, Treasurer, The 
Pharmacological Society, Frank C. Mann and 
Andrew C. Ivy, The Physiological Society. H. 
B. Lewis and H. A. Mattill, The Biochemical 
Society. Oskar Klotz and Shields Warren, 
The Pathological Society. 

Memphis, April 21-24, 1937 

Alphonse R. Dochez, Chairman, and Shields 
Warren, The Pathological Society. Frank C. 
AL^nn and Andrew C. Ivy, The Physiological 
Society. Howard B. Lewis and H. A. Mattill, 
The Biochemical Society. V. E. Henderson and 
E. M. Iv. Geiling, The Pharmacological Society. 

D. R. Hooker, Secretary. 

Baltimore, March 30-April 2, 1938 

William T, Porter, Honorary President; 
Walter E. Garrby, Chairman, and Andrew C. 
Ivy, The Physiological Society. Glenn E. Cul- 
len and H. a. Mattill, The Biochemical Society. 
Arthur L. Tatum and G. Philip Grabfield, The 
Pharmacological Society. C. Phillip Miller and 
Paul R. Cannon, The Pathological Society, D. 
R. Hooker, Secretary. 


Toronto, April 26-29, 1939 

Glenn E. Cullen, Chairman, and Charles G. 
King, The Biochemical Society. Arthur L, 
Tatum and G. Philip Grabfield, The Pharmaco- 
logical Society. C. Phillip AIiller .and Paul R. 
Cannon, The Pathological Society. Walter E. 
Garrey and Andrew C, Ivy, The Physiological 
Society. D. R. Hooker, Secretary. 

New Orleans, March 13-16, 1940 

E. M. K. Geiling, Chairman, and G. Philip 
Grabfield, The Pharmacological Society. Ernest 
W. Goodpasture and Paul R. Cannon, The 
Pathological Society. Andrew C. Ivy and Philip 
Bard, The Physiological Society. William C, 
Rose and Charles G. King, The Biochemical 
Society. D. R. Hooker, Secretary. 

Chicago, April 15-19, 1941 

Shields Warren, Chairman, and H. P. Smith, 
The Pathological Society. Thorne 51. Carpenter 
and L. A. Maynard, Tlie Institute of Nutrition. 
Andrew C. Ivy and Philip Bard, The Physiologi- 
cal Society. William C. Rose and Charles G. 
King, The Biochemical Society. E. M. K. Geiling 
and G. Philip Grabfield, The Pharmacological 
Society. D. R. Hooker, Secretary. 

Boston, March 31, April 1, 2, 3, 4, 1942 

Albert G. Hogan, Chairman, and Arthur H- 
Smith, The Institute of Nutrition. Philip Babb 
and Carl J. Wiggers, The Physiological Society. 
Rudolph J. Anderson and Arnold Iv. Balls, 
The Biochemical Society. E. AI. K. Geiling and 
R. N. Bieter, The Pharmacological Society. 
Jesse L. Bollman and H. P. Smith, The Patho- 
logical Society. Shields Warren, Ex-Chairman, 
D. R. Hooker, Secretary. 

1943, 1944 : The meetings scheduled for Cleveland 
were cancelled because of 
war conditions 

Philip Bard, Chairman, and Wallace 0. Fenn, 
The Physiological Society. E. A. Doist an 
Arnold K. Balls, The Biochemical Society. E. 
K. Marshall, Jr. and Raymond N . Bieter, The 
Pharmacological Society. Balduin Luck6 an 
H. P. Smith, The Pathological Society. Leonard 
A. Maynard and ArthurH. Smith, The Institute 
of Nutrition. Jacques J. Bbonfenbbenner an 
Arthur F. Coca, The Association of Immune - 
ogists. 
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BY-LAWS 

Adopted ai the Washington Meeting, 19SQ and 
amended at the Boston Meeting, 19^3 

1. The Presidents and Secretaries of the Con- 
stituent Societies, the Chairman of the Executive 
Committee of tlie preceding year and the Federa- 
tion Secretary shall form the Executive Com- 
mittee of the Federation. 

2. The Chairmanship of the Executive Com- 
raitteo shall bo held in turn by the Presidents of 
the Constituent Societies, who shall succeed one 
another annually in the order of seniority of tho 
Societies. 

3. The Executive Committee shall appoint 
annually from the membership of tho Federation 
a secretary-treasurer, to be known ns tho Fodcra- 
-tion Secretary. 

•4. The Federation Secretary shall: (a) Keep 
the minutes of the Executive Committee and dis- 
tribute copies to the Secretaries of the Constituent 
Societies, (b) Make arrangements for the Annual 
Meeting with tho Local Committee, with the ap- 
proval of the Executive Committee, (c) Print in 
convenient combined form .and distribute to the 
membership of the Federation the programs of the 
Constituent Societies as received from their re- 
spective" Secretaries, (d) Undertake such other 
duties, to be decided upon from time to time by 
the Executive Conrmittee, as do not conflict with 
the complete autonomy of the Constituent 
Societies. 

5. The Executive Committee shall control all 
monies in the hands of the Federation Secretary, 
who shall make an annual report to the Executive 
Committee for audit and approval. The expenses 
of the Federation Secretary, as authorized by the 
Executive Committee, shall be the first charge 
on such monies and if insufficient for the 
purpose the Executive Committee shall prorate 
such expenses to the Constituent Societies of the 
Federation in proportion to their respective mem- 
berships. 

The Executive Committee may appropriate 
Federation monies annually for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures shall be made and approved before 
such committees are discharged'. 

6. The Executive Committee shall determine 
the place of the Annual Meeting, and the time shall 
be determined by the Local Committee, preferably 
within the period of March fifteenth to May first. 

7 . The local Committee at the place of meeting 
of the Federation shall charge such fee for registra- 
tion's may be approved by the Executive Com- 
mittee. The monies thus collected shall be used 


to defray tho e>ipcnscs of the Local Committeo 
and tho remainder, after such expenses have been 
met, shall be turned over to the Federation Sec- 
retary. 

S. The Executive Committee shall consider 
measures of advantage to tho Federation as a 
whole. Any Constituent Society may refer simi- 
lar measures to tho Executive Committee. No 
action, however, shall bo taken by the Executive 
Committee unless specifically authorized by all 
the Constituent Societies. 

0. The Chairman of the Executive Committee 
may appoint committees when the purposes of 
such committees have been approved by all the 
Constituent Societies of the Federation. Such 
committees shall be appointed for a term of one 
year, but may be continued and their members 
reappointed. Such committees shall report in 
writing to the Executive Committee, which shall 
in turn report the'reon to the Constituent Societies 
either for information or recommendation. The 
Secretaries of the Constituent Societies shall 
report the recommendations of their respective 
Societies to the Executive Committee for final 
action. 

10. All individuals whose names appear on -the 
program by invitation or introduction and those 
registering from any recognized biological labora- 
tory may be enrolled as Associate Members of the 
Federation for that Annual Meeting. Such Asso- 
ciate Members may enjoy all the privileges of the 
Annual Meeting except that of voting, 

11. No person may present orally more than one 
paper during all of the scientific sessions of the 
Constituent Societies at the time of the Annual 
Meeting except upon invitation of the Executive 
Committee or' a Council. Papers must be sub- 
mitted to the Secretary of the Society of which the 
proposer is a member. The proposer may request 
transfer to another program, but this may only 
be done 'with the consent of the Secretary of the 
Society concerned. Any Secretary who regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of the Societ 3 ' con- 
cerned, if it be possible. Such transfer shall be 
indicated on the program. 

12. Abstracts not to exceed two hundred and 
fifty words in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the Federation Pro- 
ceedings. 

13. A Control Committee, consisting of at least 
one representative of each Constituent Societj- as 
designated by the. several Councils, shall have 
editorial control over the Federation Proceedings 
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•which shall be financed as required by an annual 
assessment of all the members of each Constituent 
Society. 

14. The Control Committee shall have power to 
choose certain additional papers presented at 
the Annual Meetings and from other sources, in- 
cluding material heretofore published in the 
Federation Yearbook, for publication in the 
Federation Proceedings. 

PLACEMENT SERVICE 

The Federation maintains a service to act as a 
medium of communication between persons seek- 


ing positions for teaching or research and institu- 
tions that wish to fill vacancies in these sciences. 

The service' does not undertake to recommend 
or to pass judgment upon applicants. It aims 
merely to serve as a clearing-house for such infor- 
mation as above stated and to bring into touch 
with one another candidates for positions and 
vacancies to be filled. 

Persons, whether members of the Federation'or 
not, and institutions desiring to avail themselves 
of the service, may receive such information as is 
available without cost to the applicant. 

All communications should be addressed to Dr, 
H. B. Lewis, Director, University of Michigan, 
Ann Arbor, Mich. 


THE AMERICAN PHYSIOLOGICAL SOCIETY 

Founded December 30, 1887; Incorporated June 2, 1923 


OFFICERS ELECTED 1942 

President— Philip Bard, Johns Hopkins School 
of Medicine, Baltimore, Md. 

Secretary— MV AiAjKCie 0. Fenn, University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. 

Treasurer — Hallowell Davis, Harvard Uni- 
versity School of Medicine, Boston, Mass. 

Conneii— Philip Bard, Wallace 0. Fenn, 
Hallowell Daihs, Charles H. Best, University 
of Toronto, Canada, Maurice B. Visscher, Uni- 
versity of Minnesota, Minneapolis, Hir.am E. 
Essex, Mayo Foundation, Rochester, Minn., W. 
F. Hamilton, University of Georgia, Augusta. 

Board of Puhlicaiion Trustees — Walter J. 
Meek, Chairman (1942-45), Andrew C. Ivy (1943- 
46), Homer W. Smith (1944-47). 

Representative on the Division of Biology and 
Agricidture of the National Research Council — 
McKeen Cattell (1936-1945). 

Representative on the Division of Medical Sciences 
of the National Research Council — H. C. Bazeto 
(1944-1947). 

Representative on the Executive Committee of the 
Union of American Biological Societies — ^A. J. 
Carlson with C. J. Wiggers as alternate. 

Reprcsc7itative on the Council of the American 
Association for the Adva?icement of Science — C. J. 
Wiggers with A . Sidney Harris as alternate. 

Historian — alter J. Meek. 

PAST OFFICERS 

Organization Meeting, December SO, 1887 
S. Weir Mitchell, President 
H. N. Martin, Secretary 

1888 H. P. Bowditch, President; H. N. Martin, 
Secretary-Treasurer; J. G. Curtis, H. C. Wood, 
H. Sewall, Councilors. 1889 S. Weir Mitchell, 


President; H. N. Martin, Secretary-Treasurer; 
H. P. Bowditch, J. G. Curtis, H. C. Woods, 
Councilors. 1890 S. Weir Mitchell, President; 
H. N. Martin, Secretary-Treasurer; H. P. Bow- 
ditch, J. G. Curtis, H. H. Donaldson, Counci- 
lors. 1891 H. P. Bowditch, President; H. .N. 
Martin, Secretary-Treasurer; R. H. Chittenden, 
J. G. Curtis, H. N. Donaldson, Councilors. 
1892 H. P. Bowditch, President; H. N. Martin, 
Secretary-Treasurer; R. H. Chittenden, J. 
Curtis, W. H. Howell, Councilors. 1893 H. P- 
Bowditch, President; W. P. Lojibard, Secretary- 
Treasurer; R. H. Chittenden, J. G. Curtis, 
W. H. Howell, Councilors. 1894 H. P. Bow- 
ditch, President; W. P. Lombard, Secretary- 
Treasurer; R. H. Chittenden, W. H. Howell, 
J. W. Warren, Councilors. 1895 H. P. Bowditch, 
President; F. S. Lee, Secretary-Treasurer; R- H- 
Chittenden, W. H. Howell, W. P. Lombard, 
Councilors. 189G R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; H. P. Bowditch, 
W. H. Howell, J. W. Warren, Councilors. 189" 
R. H. Chittenden, President; F. S. Lee, Secre- 
tary-Treasurer; H. P. Bowditch, W. H. Howell, 
W. P. Lombard, Councilors. 1898 R. H. Chitten- 
den, President; F. S. Lee, Secretary-Treasurer; 
H. P. Bowditch, W. H. Howell, W. P. Loaibard, 
Councilors. 1899 R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; W. H. Howell, 
W. P. Lombard, W. T. Porter, Councilors. 1909 
R. H. Chittenden, President; F. S. Lee, Secre- 
tary-Treasurer; W. H. Howell, W. P. Lombard, 
W. T. Porter, Councilors. 1901 R. H. Chitten- 
den, President; F. S. Lee, Secretary -Treasurer; 
W. H. Howell, W. P. Lombard, W. T. Porter, 
Councilors. 1902 R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; W. H. Howell, 
W. P. Lombard, W. T. Porter, Councilors. 190^ 
R. H. Chittenden, President; F. S. Lee, Sccrc- 
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t.iTV-Trcasurcr; W.TI. IIowklu, W. P. Lomii.vkd, 
IV. T. PonTER, Councilors. 1001 R. H. Ciuttex- 
DES, President; W. T. Porter, Seorct.ary- 
Trc.'isurer; F. S. Lee, W. P. Lomrard, W. II. 
Hou'ele, Councilors. 1003 \V. II. IIowele, 
President; L. B. Mexdel, Secretary; W. B. 
Canxox, Treasurer; R. H. Ciiittexdex, S. J. 
Meltzer, Councilors. lOOG W. H. Howele, 
President; L. B. Mendel, Secretary; W. B. Can- 
non, Treasurer; A. B. Macallu.m, S. J. Mbltzer, 
Councilors. 1907 W. H. Howell, President; 
L. B. Mendel, Secretary; W. B. Cannon, Treas- 
urer; J. J. Abel, G. Lusk, Councilors. 190S W. 
H. Howell, President; R. Hunt, Secretary; 
W. B. Cannon, Treasurer; J. J. Abel, G. Lusk, 
Councilors. 1909 W. H. Hob-ell, President; 
R. Hunt, Secretary; IV. B. Canno.n, Treasurer; 
A. J. Carlson, IV. P. Lombard, Councilors. 
1910 W. H. Hob*ell, President; A. J. Carlson, 
Secretary; W. B. Cannon, Treasurer; J. En- 
LANGER, F. S. Lee, Councilors. 1911 S. J. Mblt- 
zer, President; A. J. Carlson, Secretary; IV. B. 
Cannon, Treasurer; J. Erlanoer, F. S. Lee, 
Councilors. 1912 S. J. Meltzer, President; A. 
J. Carlson, Secretary ; IV. B. Cannon, Treasurer; 
J. Erlanoer, F. S. Lee, Councilors. 1913 S. J. 
Meltzer, President; A. J. Carlson, Secretary; 
J. Erlanoer, Treasurer; W. B. Cannon, F. S. 
Lee, Councilors. 1914 W. B. Cannon, President; 
A. J. C.ARLsoN, Secretary; J. Erlanoer, Treas- 
urer; F. S. Lee, S. J. Meltzer, Councilors. 1915 
W. B. Cannon, President; C. IV. Greene, Secre- 
tary; J. Erl,anger, Treasurer; IV. E. Garret, 
W. H. Howell, J. J. R. Macleod, W. J. Meek, 
Councilors. 1916 IV. B. Cannon, President; C. 
IV. Greene, Secretary; J. Erl.angbr, Treasurer; 
W. E. Garret, W. H. Howell, J. J. R. Macleod, 
IV. J. Meek, Councilors. 1917 F. S. Lee, Presi- 
dent; C. I\'. Greene, Secretary; J. Erlanoer, 
Treasurer; W. B. Cannon, W. H. Howell, J. J. 
R. Macleod, IV. J. Meek, Councilors. 1918 P. S. 
Lee, President; C. W. Greene, Secretary; J. 
Erlanoer, Treasurer; IV. B. Cannon, W. H. 
Howell, J. J. R. Macleod, IV. J. Meek, Coun- 
cilors. 1919 W. P. Lombard, President; C. W. 
Greene, Secretary; J. Erlanoer, Treasurer; 
IV. B. Cannon, Y. Henderson, J. J. R. Macleod, 
W. J. Meek, Councilors. 1920 W. P. Lombard, 
President; C. W. Greene, Secretary; J. Br- 
i*angbr, Treasurer; W. B. Cannon, J. J. R. 
IHacleod, Y. Henderson, C. J. Wiggers, Coun- 
cilors. 1921 J. J. R. Macleod, President, C. IV. 
Greene, Secretary; J. Erlanoer, Treasurer; J. 
A. E. Etster, Y. Henderson, C. J. Wiggers, A. 
J. Carlson, Councilors. 1922 J. J. R. Macleod, 
President; C. W. Greene, Secretary; J. Er- 
wnger, Treasurer; Y. Henderson, C. J. Wig- 
gers; A. J. Carlson, J. A. E. Etster, Coun- 
cilors. 1923 A. J. Carlson, President; C. W, 
Greene, Secretary; J. Erlanoer, Treasurer; 
C. J. Wiggers, .A. B. Luckhardt, J. A. E. Etster, 


J. 11. Murlin, Councilors. 1924 A. J. Carlson, 
President; \V. J. Meek, Secretary; C. K. Drinker, 
Treasurer; A. B. Luckiiardt, J. A. E. Etster, 
J. R. Murlin, W. E. Garret, Councilors. 1925 
A. J. Carlson, President; W. J. Meek, Secretary; 
C. K. Drinker, Treasurer; J. A. E. Etster, J. R. 
Murlin, W. E. Garret, Joseph Erlanoer, 
Councilors. 192G J. Erlanoer, President; W. J. 
Meek, Secretary; A. Forres, Treasurer; J. R. 
Murlin, W. E. Garret, A. B. Luckiiardt, C. J. 
Wiqoers, Councilors. 1927 J. Erlanoer, Presi- 
dent; W. J. Meek, Secretary; A. Forbes, Treas- 
urer; IV. E. Garret, A. B. Luckiiardt, C. J. 
Wiggers, R. Gesell, Councilors. 1928 J. En- 
LANOER, President; W. J. Meek, Sccretarj’; A. 
Forbes, Treasurer; A. B. Luckiiardt, C. J. 
Wiggers, R. Gesell, A. J. Carlson, Councilors. 
1929 W. J. Meek, President; Alfred C. Redfield, 
Secretary; A. Forbes, Treasurer; C. J. Wiggers, 
R. Gesell, A. J. Carlson, J. R. Murlin, Coun- 
cilors. 1930 IV. J. Meek, President; Arno B. 
Luckhardt, Secretary; A. Forbes, Treasurer; 
R. Gesell, A. J. Carlson, J. R. Murlin, E, G. 
Martin, Councilors. 1931 W. J. Meek, Presi- 
dent; Arno B. Luckhardt, Secretary; Alexander 
Forbes, Treasurer; A. J. Carlson, J. R. Murlin, 
E. G. Martin, John Tajt, Councilors. 1932 
Arno B. Luckhardt, President; Frank C. Mann, 
Secretary; Alexander Forbes, Treasurer; E. G. 
Martin, W. J. Meek, J. R. Murun, John Tait, 
Councilors. 1933 Arno B. Luckhardt, President; 
Frank C. Mann, Secretary; Alexander Forbes, 
Treasurer; Herbert S. Gasser, Ernest G. Mar- 
tin, W. J. JIeek, John Tait, Councilors. 1934 
Charles W. Greene, President; Frank C. 
Mann, Secretary; Alexander Forbes, Treasurer; 
Herbert S. Gasser, Arno B. Luckhardt, W. J. 
Meek, John Tait, Councilors. 1935 Frank C. 
Mann, President; Andrew C. Ivt, Secretary; 
Alexander Forbes, Treasurer; Charles H. 
Best, Herbert S. Gasser, Arno B. Luckhardt, 
W. J. Meek, Councilors. 1936 Frank C. Mann, 
President; Andrew C. Iit, Secretary; Wallace 
O. Fenn, Treasurer; Charles H. Best, Philip 
Bard, Herbert S. Gasser, Arno B. Luckhardt, 
Councilors. 1937 Walter E. Garret, President; 
Andrew C. Inr, Secretary; Wallace 0. Fenn, 
Treasurer; Charles H. Best, Philip Bard, 
Herbert S. Gasser, Arno B. Luckhardt, Coun- 
cilors. 1938 William T. Porter, Honorary Pres- 
ident; Walter E. Garret, President; Andrew 
C. Ivt, Secretary; Wallace 0. Fenn, Treasurer; 
Arno B. Luckhardt, Charles H. Best, Philip 
Bard, Herbert S. Gasser, Councilors. 1939 
Andrew C. Ivt, President; Philip Bard, Secre- 
tary; Wallace O. Fenn, Treasurer; Charles H. 
Best, Herbert S. Gasser, Arno B. Luckhardt, 
Maurice B. Visscher, Councilors. 1940 Andrew 
C. I\T-, President; Philip Bard, Secretary; Carl 
J. Wiggers, Treasurer; Cha , Be-- 

Herbert S. Gasser, Abn 
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Mauhice B. VisscHEB, Councilors. 1941 Philip 
Bard, President; Carl J. Wiggers, Secretary; 
Hallowell Davis, Treasurer; Charles H. Best, 
Arno B. Luckhardt, Maurice B. Visscher, 
Hiram E. Essex, Councilors; 1942, 1943 Philip 
Bard, President; Wallace 0. Fenn, Secretary; 
Hallowell Davis, Treasurer; Charles H. Best, 
Maurice B. Visscher, Hiram E. Essex, W. F. 
Hamilton, Councilors. 

CONSTITUTION 

I 

1. This Society shall be named “The American 
Physiological Society.” 

2. The Society is instituted to promote the 
advance of Physiology and to facilitate personal 
intercourse between American Physiologists. 

II 

1. The Society shall consist of ordinary and of 
honorary members. 

2. Any person who has conducted and published 
original researches in Physiology, and who is a 
resident of North America, shall be eligible for 
election as an ordinary member of the Society. 

3. Distinguished men of science who have con- 
tributed to the advance of Physiology shall be 
elgible for election as honorary members of the 
Society. Honorary members shall pay no member- 
ship fee. They shall have the right of attending 
the meetings of the Society, and of taking part 
in its scientific discussions, but they shall have no 
vote. 

III 

1. The management of the Society shall be 
vested in a Council consisting of the President, 
Secretary, Treasurer, and four other members to 
be chosen from the ordinary members by ballot 
at each annual meeting. The President, Secretary, 
and Treasurer shall be elected for one year. The 
President shall be subject to only one reelection. 
The four additional members of the Council shall 
be elected for a term of four years, and the term 
of office of one of these councilors shall expire at 
the close of each annual meeting. He or she shall 
not be eligible for reelection for a period of two 
years. 

2. The Council shall have power to fill such va- 
cancies as may occur in its membership or in 
any conunittee of the Society unless the vacancy 
is produced by a resignation presented at a 
meeting. 

IV 

1. At least a fortnight before the annual meeting 
the Secretary shall send to each member a notice 
of the place and time of each meeting, and shall 


make such other announcements as the Council 
shall direct. 

2. The annual assessment shall be determined 
by the Council, and shall be due in advance at 
the time of the annual meeting. Beyond the 
ordinary e.xpenditures required by the duties of 
the Secretary and Treasurer, no money of the 
Society shall be disbursed save by authority of the 
Council. 

3. Any member whose -assessment is two years 
in arrears shall cease to be a member of the 
Society, unless at the next annual meeting he shall 
be reinstated by special vote of the Society; and 
it shall be the duty of the Treasurer to inform the 
Secretary that he may notify the said delinquent 
of his right to appeal to said meeting. 

4. Any member who has paid the annual assess- 
ment for thirty years, or who has attained the age 
of sixty-five years, or who has retired because of 
illness, may be relieved from the payment of the 
annual assessment. 

V 

1. The annual meeting of the Society shall be 
held at a time and place determined by the Council 
in consultation with the Executive Committee of 
the Federation of American Societies for Experi- 
mental Biolog 3 \ 

2. Special meetings maj' be held at such times 
and places as the Council may determine. 

VI 

1. Proposed changes in the Constitution must be 
sent in writing to the Secretary at least one month 
before the date of. the meeting at which they are 
to be considered, and must be signed by at least 
three ordinary members. The Secretarj’’ shall send 
a printed copy of any proposed change to each 
ordinary member at least two weeks before the 
next meeting. 

2. If at this meeting two-thirds of the votes cast 
shall favor the proposed change, it shall be made. 

3. At all annual meetings of the Society ten or- 
dinary members shall form a quorum for the 
transaction of business. 

VII 

1. The Council may, from the names of the can- 
didates proposed in writing by at least^ two 
ordinarj’’ members of the Society, nominate 
candidates for election to ordinary membership. 
The names of the candidates so nominated, to- 
gether with the names of their proposers and a 
statement of their qualifications for membership, 
shall be posted on a bulletin board at an annua 
meeting of the Society. The candidates may be 
balloted for at anj^ session of the same meeting, 
and one black ball in eight shall c.xcludc. 

2. Honorary members shall be proposed by t ic 
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Council, and shall bo elected by ballot oL the 
members present at an annual meeting and one 
negative vote in twenty shall exclude. 

VIII 

If a majority of the Council shall decide that 
the interests of the Society require the expulsion 
of a member, the Secretary shall send a notice 
of this decision to each ordinary member at least 
two weeks before the next annual meeting. At 
this meeting the Secretary shall, on behalf of the 
Council, propose the expulsion; and if two-thirds 
of the members present vote for it, the member 
shall be expelled, his assessment for the current 
year shall be returned to him, and ho shall cease 
to be a member of the Society. 

IX 

1. The official organs of the Society shall be the 
American Journal of Physiology and such other 
Journals as the Society shall from time to time 
establish. These the Society shall own and manage. 

2. The management of the Journals shall be 
vested in the Council. The Council shall make 
a full report to the Society at each annual meeting 
of the financial condition and the publication 
policy of the Journals. 


BY-LAWS 

1. All papers read before the Society shall bo 
limited to a length of ten minutes. No person may 
oralb’’ present more than one paper. In case of 
joint authorship the name of the individual who 
will orally present the paper shall stand first. 

2. Abstracts in duplicate, not to exceed two- 
hundred and fifty words in length, of all papers 
to bo presented at the Annual Meeting of the 
Society shall be required by the Secretary for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved by the Council. 

3. The Council may, upon the request of ten 
ordinary members, call a special meeting of the 
Society, at any time and place, for the reading of 
papers and the promotion of personal intercourse. 
Such meetings shall be held in accordance with the 
Constitution and By-Laws of the Society; and if 
the regular officers of the Society are not present, 
the members in attendance shall elect a temporary 
Chairman and Secretary. The latter officer shall 
forward an account of the scientific proceedings 
of the meeting to the offical Secretary of the So- 
ciety for insertion in the minutes; he shall also 
prepare and transmit to the official Secretary 
such abstracts of papers read as may be furnished 
him, and these abstracts shall be published in 
the Federation Proceedings in accordance with 
By-Law 2. 


THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 

Founded December 6, 1906; Incorporated September 12, 1919 


OFFICERS ELECTED 1944 
President— E. A. Doisv, St. Louis University 
School of Medicine, St. Louis 4, Mo. 

Vice-President — A. B. Hastings, Harvard Med- 
ical School, Boston, Mass. 

Secretary — A. K. Balls, U. S. Bureau of Agri- 
cultural and Industrial Chemistry, Western 
Regional Research Laboratory, Albany 6, Cali- 
fornia. 

Treasurer — W. C. Stadib, Maloney Clinic, 
University of Pennsylvania, Philadelphia, Pa. 

Councilors-al-large — ^R. J. Anderson, Sterling 
Laboratory, Yale University, New Haven, Conn.; 
H. T. Clarke, Columbia University, New York 
City ; V. DTI Vigneaud, Cornell University Medical 
College, New York City 21. 

Nominating, Committee — H. B. Lewis, Chair- 
man, W. M. Clark, C. F. Com, H. A. Mattill, 
W. C. Rose, E. A. Evans, G. O. Burr, C. L. A. 
Schmidt, J. M. Luck. 

PAST OFFICERS 

1907 Russell H. Chittenden, President; J. J. 
Abel, Vice-President; W. J. Gies, Secretary; L. 


B. Mendel, Treasurer; W. Jones, W. Koch, J. 
Marshall, T. B. Osborne, Councilors. 1908 
John J. Abel, President; Otto Foun, Vice-Pres- 
ident; Wm. j. Gies, Secretary; L. B. Mendel, 
Treasurer; A. B. AIacallum, A. P. Mathews, 
F. G. Novt, Councilors. 1909 Otto Folin, 
President; T. B. Osborne, Vice-President; Wm. 
J. Gies, Secretary; L. B. Mendel, Treasurer; 
J. J. Abel, P. A. Levene, G. Lusk, Councilors. 
1910 Thomas B. Osborne, President; L. B. Men- 
del, Vice-President; A. N. Richards, Secretary; 
Walter Jones, Treasurer; A. B. Malcallum, A. 
P. Mathews, V. C. Vaughan, Councilors. 1911 
Lafayette B. Mendel, President; A. B. Macal- 
LUM, Vice-President; A. N. Richards, Secretary; 
Walter Jones, Treasurer; Wm. J. Gies, A. S. 
Loeventiart, P. a. Shaffer, Councilors. 1912 
Archibald B. Macallum, President; G. Lusk, 
-Vice-President; A. N. Richards,. Secretary; 
Walter Jones, Treasurer; H. P. Armsby, L. B. 
Mendel, H. G. Wells, Councilors. 1913 Archi-' 
BALD B. hlACALLUM, President; G. Lusk, Vice- 
President; P. A. Shaffer, Secretary; D. D. Van 
Slyke; Treasurer; H. P. Armsby, L. B. Mendel, 
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H. G. Wells, Councilors, 1914 Grahaji Lusk, 
President; C. L. Alsberg, Vice-President; P, A. 
Shaffer, Secretary; D. D. Van Slyke, Treasurer; 
J. J. Abel, A. B. Macallum, T. B. Osborne, 
Councilors. 1915 Walter Jones, President; C. 
L. Alsberg, Vice-President; P. A. Shaeffer, 
Secretary; D. D. Van Slyke, Treasurer; Otto 
Folin, G. Lusk, L. B. Mendel, Councilors. 1916 
Walter Jones, President; F. P. Underhill, 
Vice-President; S. R. Benedict, Secretary; D. D. 
Van Slyke, Treasurer; Otto Folin, A. B. Macal- 
lum, P. A. Shaffer, Councilors. 1917 Carl L. 
Alsberg, President; A. P. Mathews, Vice- 
President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; L. J. Henderson, P. A. 
Shaffer, F. P. Underhill, Councilors. 1918 
Carl L. Alsberg, President; A. P. Mathews, 
Vice-President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; W. J. Gies, Andrew 
Hunter, E. V. McCollum, Councilors. 1919 
Stanley R. Benedict, President; D. D. Van 
Slyke, Vice-President; V. C. Myers, Secretary; 
H. C. Bradley, Treasurer; Andrew Hunter, E. 
V. McCollum, L. B. Mendel, Councilors. 1920 
Stanley R. Benedict, President; D. D. Van 
Slyke, Vice-President; V. C. Myers, Secretary; 
H. C. Bradley, Treasurer; Otto Folin, Walter 
Jones, L. B. Mendel, Councilors. 1921 Donald 
D. Van Slyke, President; P. A. Shaffer, Vice- 
President; V. C. Myers, Secretary; H. C. Brad- 
ley, Treasurer; S. R. Benedict, Otto Folin, 
Walter Jones, Councilors. 1922 Donald D. 
Van Slyke, President; P. A. Shaffer, Vice- 
President; V. C. Myers, Secretary; W. R. Bloor, 
Treasurer; S. R. Benedict, H. C. Bradley, A. P. 
Mathews, Councilors. 1923 Philip A. Shaffer, 
President; H. C. Sherjian, Vice-President; V. C. 
Myers, Secretary; W. R. Bloor, Treasurer; H. 
C. Bradley, Andrew Hunter, A. P. Mathews, 
Councilors. 1924 Philip A. Shaffer, President; 
Henry C. Sherman, Vice-President; D. AVright 
Wilson, Secretarj’^; Walter R. Bloor, Treasurer; 
Otto Folin, Andrew Hunter, Victor C. Myers, 
Councilors. 1925 Henry C. Sherman, President; 
Edward C. Kendall, Vice-President; D. Wright 
Wilson, Secretary ; Walter R. Bloor, Treasurer; 
Otto Folin, Lafayette B. Mendel, Philip A. 
Shaffer, Councilors. 1926 Edward C. Kendall, 
President; Elmer V. McCollum, Vice-President; 
Fred C. Koch, Secretary; Glenn E. Cullen, 
Treasurer; J. B. Collip, Edward A. Doisy, 
Albert P. ^Mathews, Councilors. 1927 E. V. 
McCollum, President; W. R. Bloor, Vice-Presi- 
dent; D. Wright Wilson, Secretary; G. E. Cul- 
len, Treasurer; E. A. Doisy, F. C. Koch, D. D. 
Van Slyke, Councilors. 1928 E. Y. McColluji, 
President; W. R. Bloor, Vice-President; D. 


Wright Wilson, Secretary; G. E. Cullen, 
Treasurer; AVm. M. Clark, F. C. Koch, D. D. 
Van Slyke, Councilors. 1929 W. R. Bloor, 
President; H. C. Bradley, Vice-President; H. B. 
Lewis, Secretary; G. E. Cullen, Treasurer; W. 
M. Clark, C. L. A. Schmidt, P. A. Shaffer, 
Councilors. 1930 AV. R. Bloor, President; H. C. 
Bradley, Vice-President; H. B. Lewis, Secretary; 

G. E. Cullen, Treasurer; W. M. Clark, P. A. 
Shaffer, D. W. Wilson, Councilors. 1931 H. C. 
Bradley, President; AV. M. Clark, Vice-Presi- 
dent; H. B. Lewis, Secretary; C. H. Fiske, 
Treasurer; AV. C. Rose, P. A. Shaffer, D. W. 
Wilson, Councilors. 1932 H. C. Bradley, Presi- 
dent; AV. M. Clark, Vice-President; H. B. Lewis, 
Secretary; C. H. Fiske, Treasurer; P. E. Howe, 
AV. C. Rose, D. W. Wilson, Councilors. 1933 
W. M. Clark, President; H. B. Lewis, Vice-Presi- 
dent; H. A. Mattill, Secretary; C. H. Fiske, 
Treasurer; H. C. Bradley, P. E. Howe, W, C. 
Rose, Councilors. 1934 W. M. Clark, President; 

H. B. Lewis, Vice-President; H. A. Mattill, 
Secretary; C. H. Fiske, Treasurer; H. C. Brad- 
ley, E. A. Doisy, P. E. Howe, Councilors. 1935 
H. B. Lewis, President; G. E. Cullen, Vice- 
President; H. A. Mattill, Secretary; C. H. 
Fiske, Treasurer; H. C. Bradley, J. B. Collip, 
E. A. Doisy, Councilors. 1936 H. B. Lewis, 
President; G. E. Cullen, Vice-President; H. A. 
Mattill, Secretary; A. B. Hastings, Treasurer; . 
J. B. Collip, E.A. Doisy, W. C. Rose, Coun- 
cilors. 1937 G. B. Cullen, President; W. C. 
Rose, Vice-President; H. A. Mattill, Secretary; 
A. B. Hastings, Treasurer; E. A. Doisy, H. B. 
Lewis, H. B. Vickery, Councilors. 1938 G. E. 
Cullen, President; AV. C. Rose, A''ice-President; 
Charles G. King, Secretary; A. B. Hastings, 
Treasurer; H. B. Lewis, H. A. Mattill, H. B. 
Vickery, Councilors. 1939 W. C. Rose, Presi- 
dent; R. J. Anderson, Vice-President; Charles 

G. King, Secretary; A. B. Hastings, Treasurer; 

H. B. Lewis, H. A. Mattill, G. E. Cullen, 
Councilors. 1940 William C. Rose, President; 
Rudolph J. Anderson, Vice-President; Charles 

G. King, Secretary; A. B. Hastings, Treasurer; 

H. A. Mattill, Glenn E. Cullen, E. A. Doisy, 
Councilors. 1941 R. J. Anderson, President; 
E. A. Doisy, Vice-President; A. K. Balls, Secre- 
tary; W. C. Stadie, Treasurer; H. B. Lewis, AV. 
C. Rose, Councilors. 1942 R. J. Anderson, 
President; E. A. Doisy, Vice-President; A. 
Balls, Secretary; W. C. Stadie, Treasurer; AV. 
C. Rose, C. A. Kjng, H. Y. Clarke, Councilors. 
1943 E. A. Doisy, President; A. B. Hastings, Vice- 
President; A. K. Balls, Secretary; AV. C. Stadie, 
Treasurer; W. C. Rose, H. T. Clarke, R- L 
Anderson, Councilors. 
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CONSTITUTION 

From the Articees of iNCoiiroRATioN 

1. The name of the proposed corporation is 
“Asierican Society of Biolooicae Chemists, 
Inxorporated.” 

2. The purposes for which this corporation is 
formed are to further the extension of biocliomical 
knowledge and to facilitate personal intercourse 
between American investigators in biological 
chemistry. 

BY-LAWS 

Article I. — Membership 

Section 1. Eligibility for ilfcmbcrs/ifp.— Quali- 
fied investigators who have conducted and pub- 
lished meritorious original investigations in 
biological chemistry shall bo eligible for member- 
ship in the Society. 

Sec. 2. Nomination. — Nominations for member- 
ship shall be made and seconded bj' members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make rceora- 
mendation to the Society at a regular meeting. 

Sec. 3. Election to Membership. — A. A nom- 
inee for membership may be voted for by ballot 
at any meeting of the Society after Council has 
reported its findings on his eligibility. The eligible 
candidate shall be reported by the Council as 
“eligible” or as "eligible and indorsed.” B, A 
majority of the ballots cast shall elect. 

Sec. 4. Forfeiture.~K. Any member who may 
grant the use of his name for (a) the advertisement 
of a patent medicine, a proprietary food prepara- 
tion, or any other commercial article of doubtful 
value to the public or possibly harmful to the pub- 
lic health, or (b) who may concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that he has not ex- 
amined, shall forfeit his membership. 

■ B. The Council shall have authority to announce 
forfeiture of membership, provided that the copy 
of the charges, together with a written notice of 
a hearing thereon by the Council at a place and 
time specified in such notice, shall have been de- 
livered to the member charged with violating the 
preceding section either personally or mailed to 
him at his last known address at least thirty days 
before the date of such hearing. 

Sec. 5. Expulsion. — Upon the recommendation 
of the Council any member may be expelled by a 
majority vote of the total memberslup at a meet- 
ing of the Society, provided that a copy of the 
charges against him, together with a written notice 
of a hearing thereon by the Council at a place and 
time specified in such notice shall have been de- 
livered to him personally or mailed to him at his 


last known address at least thirty days before the 
date of such hearing. 

Article II. — Meetings and Quorum 

Section 1 . Annual. — The annual meeting of the 
Society shall bo held on the date fixed by the Cer- 
tificate of Incorporation. 

Sec. 2. Special. — A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
Council or fifteen members of the Society. A notice 
specifying the purpose of such meeting shall be 
mailed to each member at least ten daj's previous 
thereto. The Council shall select the places at 
which mootings shall be held. 

Sec. 3. Quorum. — Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 

Article III. — Officials 

Section 1. Queers.— The officers shall be a Presi- 
dent, a Vice-President, a Secretary, and a Treas- 
urer, who shall be elected annually by the mem- 
bers of the Society. 

Sec. 2. Council.— A. The officers so elected and 
three additional members, one of whom shall be 
elected at each annual meeting of the Society to 
serve a three year term, shall constitute the Board 
of Directors of the corportion and shall be known 
as “The Council.” (When this provision is first 
put into effect three members will need to be 
elected for a one, a tw'o and a three year period.) 

B. No two members of the Council may be from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two years except the Secretary and Treas- 
urer, who shall be eligible for re-election for five 
years. The three additional members of the Council 
shall be ineligible for re-election (until after the 
lapse of one year). 

Sec. 3. Duties of Officers. — The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 

Sec. 4. Assistant Treasurer. — A. The Council 
may from time to time appoint a trust company, 
or some member of the Society, to serve during the 
pleasure of the Council ,as Assistant Treasurer, 
and to act as depositary of the investments and 
income of the “Christian A. Herter Memorial 
Fund” and of such other funds as the Society may 
from time to time commit to its or his charge. 

B, The Assistant Treasurer shall have and exer- 
cise the following powers and duties, viz., the 
custody and safe-keeping of securities and cash 
belonging to the "Christian A. Herter Fund” and 
the collection of income and other moneys due to 
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the Fund, with power to receipt for the same an 
to endorse for deposit all checks payable to the 
Society or the Treasurer, or to'the Journal of 
Biological Chemistry for income or other moneys 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council; the dibursement of principal under 
the direction of the Council and the disbursement 
of income under the direction of the Editorial 
Board of the Journal of Biological Chemistry, 
such disbursement to be made under a resolution 
of the Council or Board, or with the approval 
of two members of either the Council or Board, 
as the case may be. The Assistant Treasurer shall 
keep books of account and render statements, 
annually or oftener upon the request of the Coun- 
cil or Board setting forth the condition of the Fund 
and the receipts and disbursements since the 
date of the preceding statement. 

Ahticle IV . — The Council 

Section 1. Powers. — The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall reg- 
ularly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation by the Membership Corporation Law 
of the State of New York. 

Sec. 2. Reports. — The Council shall report to 
the Society as promptly as possible its findings 
on the eligibility of candidates for membership, 
and on all charges of a violation of these By-Laws. 

Sec. 3. Journal of Biological Chemistry . — ^The 
Council shall have power to appoint the persons 
to act as proxies for the Society at all meetings of 
the stockholders of the “Journal of Biological 
Chemistry” (a corporation) of which all the stock 
is owned by the Society, and also to designate the 
persons to be elected as Directors of such corpora- 
tion. 

Sec. 4. Herter Fund. — It shall be the duty of the 
Council to see that the “Christian A. Herter 
Memorial Fund” is administered in accordance 
with the terms of the Trust Agreement, dated 
May 16,1911, executed by the Journal of Biological 
Chemistry and the donors of said Fund. 

Article V . — Nominating Committee 

I 

Section 1. Membership. — A. The nominating 
Committee shall consist of nine members from 
nine different institutions elected at each annual 
meeting to serve for the ensuing j'ear. Members 
who have served on the Nominating Committee 
for two consecutive years shall be ineligible for 
re-election until after the lapse of one 3 mar. 

B. The member of the Nominating Committee 
who-is elected to the Committee by the largest 


number of votes shall become Chairman and Secre- 
tary of the Committee. 

Sec. 2. Nomination of Officials.—k. The Nomi- 
nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members. 

B. The nominations by the Nominating Com- 
mittee must be transmitted to the Secretary at 
least one month before the annual meeting at 
which they are to be considered. 

C. The Secretary shall send to every memher, 
at least two weeks before the annual meeting, two 
copies of the list of nominees presented to him by 
the Nominating Committee and at the same time 
shall notify all the members that they may vote 
by proxy. 

D. At the opening of the first executive session 
of the ensuing annual meeting the Secretary shall 
formally present the regular nominations for the 
Nominating Committee. 

E. Additional nominations for the offices and for 
membership in the Council may be made by any 
member at the opening of the first e.xecutive ses- 
sion of any annual meeting. 

P. Nominations for membership on the Nomi- 
nating Committee shall be made by or for individ- 
ual members, either in person or by proxy, and not 
otherwise, at the opening of the &st Executive 
session of any annual meeting. 

Sec. S. Election of Officials. — A., The Secretary 
shall receive and present to the tellers, appointed 
by the President to take charge of the election, all 
signed ballots forwarded by absent members. 
When such ballots are presented to the tellers the 
Secretary shall announce the names of the mem- 
bers voting by proxy, and he shall record the same 
names in the minutes of the meeting. 

B. All elective officials shall be selected by ballot 
at the close of the first executive session of each 
annual meeting. 

C. A majority of the votes cast sh^H be necessary 
to elect an official. 

D. Elective officials shall take office on July 1st 
following the annual meeting. 

Sec. 4. Filling of Vacancies. — A. The Nominat- 
ing Committee shall fill all vacancies in elective 
positions except such as may occur at a meeting of 
the Society. 

B. The President of the Society shall fill all va- 
cancies in appointive positions. 

Article VI. — Financial 

Section 1. Dues. — Annual assessments shall be 
determined by majority vote at the annual meet- 
ings, upon the recommendation of the Council, and 
shall be due January 15th in each year. Members 
who have reached the age Of 65 years, or who have 
become incapacitated, may, by vote of the Coun- 
cil, be exempted from the pa 3 'ment of dues. 
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Stc. 2. Expenditures . — No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council, hut this section shall not apply to expen- 
ditures from the “Christian A. Herter Memorial 
Fund.” 

Sec. 3. Privileges of Membership Begin U'ith Pay- 
ment of Dues.— Candidates for membership, if 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election. 

Sec. 4. Penalty for Non-Paymcnl of Dues. — A. 
Members in arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership. 

B. Delinquent members maj' be reinstated by 
the Council provided all indebtedness to the So- 
ciety is liquidated. 

Sec. 5. Herter Fund . — ^The “Christian A. Herter 
Memorial Fund” shall be held and invested 
separately from the general funds of the Society 
and the income thereof shall be expended under 
the direction of the Editorial Board exclusively 
for the maintenance and support of the Journal of 
Biological Chemistry, subject to the superxdsion 
and control of the Editorial Committee in accord- 
ance nith the terras of the Trust Agreement men- 
tioned in Article Ft'', Section' 4, and the proid- 
sions of Article VII of the By-Laws. 

Article Vll.— Journal of Biological 
Chemistry 

Sectiox 1. Editorial Committee . — ^There shall be 
an Editorial Committee consisting of nine mem- 
bers of the Societj' who shall be nominated by the 
Nominating Committee and elected by the Society 
in the same manner as officers. The nine members 
first elected shall divide themselves by lot into 
three classes of three in each class, to serve for two, 
four, and six years respectively, and thereafter 
three members shall be elected at each alternate 
annual meeting of the Society to succeed the mem- 
bers of the outgoing class and to serve for a term of 
six years. Members of the Committee shall be 
eligible to re-election. 

Sec. 2. Powers of Committee.— The Committee 
shall have power to elect an Editorial Board and 
shall have final authority in matters pertaining to 
the general policy of the Journal. 

Sec. 3. Editorial Board . — ^The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Editor from 
among their own number who shall have direct 
responsibility and authority for the aoti%'e edi- 
torial conduct of the Journal, and who shall have 
discretionary power in arranging the details as to 
the conduct of the Journal. The expenditures of 
the income of the “Christian A. Herter Memorial 
Fund” shall be under the direction of the Board, 


and the approval of any two members of the Board 
shall bo a sufficient warrant to authorize payments 
from such income. 

Article VIIL — Papers on Scientific Subjects 

Section 1. Presentation of Papers. — The Secre- 
tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
will require. The time thus specified shall be 
printed on the official program, and the presiding 
officer shall have no authority to extend it unless a 
majority of the members present signify their wish 
to the contrar 3 '. In the absence of any specification 
of time required not more than ten minutes shall 
be allotted for the reading of any one paper. 

Sec. 2. Number of Papers. — No member shall be 
permitted to present more than one paper, either 
alone or in collaboration, until every member shall 
have had the opportunitj' of presenting one paper. 

Article IX. — Corporate Seal 

Sectio.'! 1. The corporate seal of the corporation 
shall be a circle surrounded by the words, “Ameri- 
can Societt of Biological Chemists,” and in- 
cluding the word, “Incorporated.” 

Article X. — Amendments 

Section 1. Amendments. — ^These By-Laws, after 
having been approved by the Council, and adopted 
by the Society at its first annual meeting, shall 
not be amended except as hereinafter provided. 

Sec. 2. Manner of Presentation. — Proposed 
amendments to the Bj’-Laws must be sent to the 
Secretarj' at least one month before the date of the 
meeting at which they are to be considered and 
must be indorsed in writing by at least three 
members. 

Sec. 3. Notice of Intended Amendments. — The 
Secretarj' shall give every member notice of pro- 
posed amendments at least two weeks before the 
meeting at which they are to be considered and 
shall notify all members that they may vote by 
proxy. 

Sec. 4. Adoption of Amendments. — ^A. The Secre- 
tary shall receive and present to the tellers ap- 
pointed bj’ the President all signed ballots for- 
warded by absent members. When such ballots are 
presented to the tellers, the” Secretary shall 
announce the names of members voting by proxy, 
and he shall record the same names in the minutes ■ 
of the meeting. 

B. Votes upon amendments shall be cast at the 
opening of the second executive session of the 
meeting at which they are considered. 

C. Affirmative votes from three-fifths of the 
members voting shall be required for the adoption 
of an amendment. 
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AMERICAN SOCIETY FOE PHARMACOLOGY AND EXPERIMENTAL 
THERAPEUTICS, INCORPORATED 

Founded December 28, 1908; Incorporated June 19, 1933 


OFFICERS ELECTED 1944 

President-— EKwm E. Nelson, Wellcome Re- 
search Laboratories, Tuckahoe 7, New York. 

Vice-President— CnAnuES , M. Gruber, Jefferson 
Medical College, Philadelphia 7, Pennsylvania. 

(Secreiary— Raymond N. Bieter, University of 
Minnesota Medical School, Minneapolis 14, Min- 
nesota. 

Treasurer — ^McKeen Cattell, Cornell Univer- 
sity Medical College, New York 21, New York. 

Council — Harry Beckman, Marquette Univer- 
sity School of Medicine, Milwaukee 3, Wisconsin, 
Nathan B. Eddy, National Institute of Health, 
Bethesda 14, Maryland, Erwin E. Nelson, 
Charles M. Gruber, Raymond N. Bieter, 
McKeen Cattell. 

Membership Committee — ^Harvey B. Haag (term 
expires 1945), Medical College of Virginia, Rich- 
mond 19, Virginia, Carl A. Dragstedt (term 
expires 1946) Northwestern University Medical 
School, Chicago 11, 111., Carl F. Schmidt (term 
expires 1947), University of Pennsylvania Medical 
School, Philadelphia 4, Pennsylvania. 

Nominating Committee — ^H. 0. Calvery, Chair- 
man, A. C. DeGraff, J. M. Dille, B. H. Robbins, 

F. F. Yonkman. 

PAST OFFICERS 

1909 J. J. Abel, President; Reid Hunt, Secre- 
tary; A. S. Loevenhart, Treasurer; S. J. Melt- 
ZER, T. SOLLMANN, C. W. EdMUNDS, A. C. CrAW- 
FORD, Councilors. 1910 J. J. Abel, President; 
Reid Hunt, Secretary; A. S. Loevenhart, 
Treasurer; A. C. Crawford, G. B. Wallace, 
Councilors. 1911 J. J. Abel, President; Reid 
Hunt, Secretary; A. S. Loevenhart, Treasurer; 

G. B. Wallace, W. deB. MacNider, Councilors. 
1912 J. J. Abel, President; J. Auer, Secretary; 
A. S. Loevenhart, Treasurer; G. B. Wallace, 
Reid Hunt, Councilors. 1913 T. Sollmann, 
President; J . Auer, Secretary; A. S. Loevenhart, 
Treasurer; J. J. Abel, W. deB. MacNider, 
councilors. 1914 T. Sollmann, President, J. 
Auer, Secretary; W. deB. MacNider, Treasurer; 
J. J. Abel, A. S. Loevenhart, Councilors. 1915 
T. Sollmann, President; J. Auer, Secretary; W. 
deB. MacNider, Treasurer; Worth Hale, D. E; 
Jackson, Councilors. 1916 Reid Hunt, Presi- 
dent; J. Auer, Secretary; W. deB. MacNider, 
Treasurer; A. D. Hirschfelder, G. B. Roth, 
Councilors. 1917 Reid Hunt, President; L. G. 
Rowntree, Secretary; W. deB. MacNider, 
Treasurer; J. Auer, Carl Voegtlin, Councilors. 
1918 Reid Hunt, President; E. D. Brown, Secre- 


tary; W. deB. MacNider, Treasurer; Hugh 
McGuigan, Carl Voegtlin, Councilors. 1919 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; Reid 
Hunt, E. K. Marshall, Jr., Councilors. 1920 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; D. E. 
Jackson, E . K . Marshall, Jr . , Councilors . 1921 

C. W. Edmunds, President; E. D. Brown, Secre- 
tary; Hugh McGuigan, Treasurer; John Auee, 
J. P. Hanzlik, Councilors. 1922 C. W, Edmunds, 
President; E. D. Brown, Secretary; Hugh Mc- 
Guigan, Treasurer; J. P. Hanzlik, H. G. Bar- 
bour, Councilors. 1923 C. W. Edmunds, Presi- 
dent; E. D. Brown, Secretary; Hugh McGui- 
gan, Treasurer; J. P. Hanzlik, H. G. Barbour, 
Councilors. 1924 John Auer, President; E. 

D. Brown, Secretary; A. L. Tatum, Treasurer; 
J. P. Hanzlik, H. G. Barbour, Councilors. 
1925 John Auer, President; E. D. Brown, 
Secretary; A. L. Tatum, Treasurer; H, G. Bar- 
bour, W. deB. MacNider, Councilors. 1926 
John Auer, President; E. D. Brown, Secre- 
tary; A. L. Tatum, Treasurer; H. G. Barbour, 
W. deB. MacNider, Councilors. 1927 Carl 
Voegtlin, President; E. D. "Brown, Secretary; 
A. L. Tatum, Treasurer; V. E. Henderson, C. 
W. Edmunds, Councilors. 1928 Carl Voegtlin, 
President; E. D. Brown, Secretary; A. L. Tatum, 
Treasurer; V. E. Henderson, C. W. Edmunds, 
Councilors. 1929 Carl Voegtlin, President; E- 

D. Brown, Secretary; O. H. Plant, Treasurer; 
V. E. Henderson, C. W. Edmunds, Councilors. 
1930 George B. Wallace, President; E. D - 
Brown, Secretary; 0. H. Plant, Treasurer; H. 
G. Barbour, C. M, Gruber, Councilors. 1931 
George B. Wallace, President; Velyien E. 
Henderson, Secretary; 0. H. Plant, Treasurer, 
Paul D. Lamson, William deB. MacNider, 
Councilors. 1932 Wm. deB. MacNider, Tiesi- 
dent; A, N. Richards, Vice-President; V. E. 
Henderson, Secretary; 0. H. Plant, Treasi^r* 
G. B. Roth, A. L. Tatum, Councilors. 1933 WM. 
deB. MacNider, President; A. L. Tatum, Vice- 
President; V. E. Henderson, Secretary; 0. R- 
Plant, Treasurer; C. M. Gruber, G. B. Roth, 
Councilors. 1934 R. A. Hatcher, President; A- 
L. Tatum, Vice-President; E. M. K. Geilin^j 
Secretary; 0. H. Plant,' Treasurer; Wm. db^- 
MacNider, R. L. Stehle, Councilors. 1935 

E. Henderson, President; 0. H. Plant, 
President; E. M. K. Geiling, Secretary; C. M- 
Gruber, Treasurer; Floyd de Eds, M. S. Dooley, 
Councilors. 1936 V. E. Henderson, Prcsi- 
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dent; 0. H. Plant, Vico-Prcsidout; E. M. K. 
Ceiling, Secretary; C. M. Gkuheu, Treasurer; 

C. W. Edmunds, G. R. Wallace, Councilors. 
1937 A. L. T.atum, President; E. M. K. GeilinQ, 
Vice-President; G. P. Gu.abfield, Secretary; C. 
M. Gruber, Treasurer; V. E, Henderson, M. II. 
Seevers, Councilors. I93S A. L. Tatu.m, Presi- 
dent; E. M. K. Geilinq, Vice-President; G. P. 
Grabfield, Secretary; C. M. Gruber, Treasurer; 
E. K. Marshall, Jr., C. F. Schmidt, Councilors. 
1939 0. H. Plant, President; E. M. K. Geiling, 
Vice-President; G. P. Grabfield, Secretary; E. 
E. Nelson, Treasurer; A. L. Tatum, C. A. Drag- 
stedt, Councilors. 1940 E. M. K. Geilinq, 
President; G. F. Schmidt, Vice-President; G. 
Pniup Grabfield, Secretary; E. E. Nelson, 
Tre.asurcr; B. H. Robbins, C. H. Thienes, Coun- 
cilors. 1941 E. M. K. Geiling, President; C. F. 
Schmidt, Vice-President; Rai'mond N. Bieter, 
Secretary; E. E. Nelson, Treasurer; E. G. Gross, 
R. G. SiHTH, Councilors. 1942 E. K. Marshall, 
Jr., President; Carl A. Dragstedt, Vice-Presi- 
dent; Ratmond N. Bieter, Secretary; E. E. 
Nelson, Treasurer; McK. Cattell, R. G. Smith, 
Councilors. 1943E. K. Marshall, Jr., President; 
C.\RL A. Dragstedt, Vice-President; Raymond 
N. Bieter, ‘Secretary; E. E. Nelson, Treasurer; 
McK. Cattell, R. G. Smith, Councilors. 

CONSTITUTION 

i 

Article I. — Name 

The name of this organization shall be the 
‘‘American Society for Pharmacology and Ex- 
perimental Therapeutics, Incorporated." 

Article 11.— Objects 

The purpose of this Society shall be to promote 
these branches of science and to facilitate personal 
intercourse between investigators who are actively 
engaged in research in these fields. 

Article HI. — Membership 

Section 1. Any person who has conducted and 
published a meritorious investigation in pharma- 
cology Or experimental therapeutics, and who is an 
active investigator in one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III. 

Sec. 2. A. Candidates for membership to this 
Society shall be proposed by two members who are 
not members jif the Council. The names so pro- 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting. 

B. The Membership Committee shall investigate 
Ihe qualifications of the candidates and report 
to the Couhcil. 

C. Candidates reported upon by the Memberslup 
Committee toAhe Council may be recommended 


for admission by the Council only provided they 
have been unanimously approved by both the 
Membership Committee and the Council. 

D. The names of the candidates recommended , 
for admission by the Council shall bo posted by 
the Secretary not later than the day preceding the 
election for members. 

E. The election of members shall be by individ- 
ual ballot; one opposing vote in every eight cast 
shall be sufficient to exclude a candidate from 
membership. 

Sec. 3. Forfeiture of Membership. 

A. Any member whoso assessment is three years 
in arrears shall cease to be a member of the Society, 
unless he shall be reinstated by a special vote of 
the Council; and it shall be the duty of the Treas- 
urer to inform the Secretary that ho may notify 
the said delinquent of his right to appeal to the 
Council. 

B. If the Council shall decide that it is for the 
best interests of the Society that a member be 
expelled, the member shall be notified and given 
an opportunity of a hearing before the Council. 
Upon the recommendation of the Council the mem- 
ber then may be e.xpelled by a three-fourths vote 
of those present at a regular meeting of the So- 
ciety. 

Sec. 4. Honorary Members. 

A. Distinguished men of science who have con- 
tributed to the advance of pharmacology or experi- 
mental therapeutics shall be eligible for election as 
honorary members of the Society. 

B. Nominations for honorary members shall 
take the same course as nominations for ordinary 
members (Art. Ill, Sec. 2) ; but their election shall 
require the unanimous vote of the members pres- 
ent at the election. 

C. Honorary members shall pay no membership 
fee. They shall have the right to attend all meet- 
ings of the Society, and to take part in its discus- 
sions, but they shall have no vote. 

D. The conditions for continuation of member- 
ship shall be the same for honorary as for ordinary 
members (Art. Ill, Sec. 3), except that forfeiture 
for arrears of fees does not apply to honorary 
members. 

Article IV. — Officers and Elections 

Section 1. The management of the Society shall 
be vested in a Council of sik officers, consisting of 
a President, a Vice-President, a Secretary, a Treas- 
urer, and two additional members. 

Sec. 2. There shall be a Membership Committee 
consisting of three members, and a Nominating 
Committee consisting of five members. No two 
members of either Committee shall be from the 
same institution. 

Sec. 3. Members of the Council shall serve for' 
one year but they shall be eligible for re-election. 
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Sec. 4. The election of the Membership Commit- 
tee shall be held annually at the time when the 
election of officers occurs. At the first meeting of 
the Society under this Constitution, one member 
shall be elected to serve on the Committee for 
three years, one for two years, and one for one 
year; and subsequently one member shall be 
elected each year to serve for a period of three 
years. 

Sec. 5. A. Members of the Nominating Commit- 
tee shall serve for one year. They are eligible for 
re-election, but shall not hold membership in the 
Committee for more than two consecutive years. 

B. The Nominating Committee shall make at 
least one nomination for each office and for posi- 
tion on the Membership Committee to be filled 
by vote of the members. The nominations so made 
shall be transmitted to the Secretary and by him 
in turn to the members, at least one month before 
the annual meeting. Additional nominations may 
be made by any member at the time of the annual 
meeting. 

C. Nominations for membership on the Nomi- 
nating Committee shall be made by individual 
members at the time of the annual election. The 
five nominees who receive the highest number of 
votes shall be declared elected. The Nominating 
Committee shall select its own chairman who shall 
also serve as secretary to the Committee. 

Sec. 6. The election of officers shall be held at 
the close of the first session of the annual meeting. 
In voting there shall be a ballot in regular order 
for each office to be filled, and the majority of the 
votes cast shall be necessary to a choice. 

Sec. 7. Such vacancies as may occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled by a 
majority vote of the Council. 

Article V . — Meetings 

Section 1. The annual meeting of the Society 
shall be held at a time and place determined by 
the Council in consultation with the Executive 
Committee of the Federation of American So- 
cieties for Experimental Biology, 

Sec. 2. Special meetings may be held at such 
times and places as the Council may determine. 

Sec. 3. At least four weeks before the annual 
meeting the Secretary shall send to each member 
a notice of the time and place of such meeting and 
shall make such announcements as the Council 
may direct. 

Article VI . — Financial 

Section 1. The annual assessment shall be de- 
termined by majority vote at the annual meetings, 
upon the recommendation of the Council, and 
shall be due in advance at the time of the meeting. 


Sec. 2, Beyond the ordinary expenditures re- 
quired by the routine business of the Society no 
money shall be disbursed save by the authority of 
the Council or Society. 

Sec. 3. The treasurer shall make an annual re- 
port to the Society. 

Sec. 4. In case any profits result to the Society 
from the Journal of Pharmacology and Experi- 
mental Therapeutics at the end of the financial 
year, such profits shall be kept in a special account, 
after deducting any sums expended by the Society 
during the year for the conduct of the Journal, 
and shall be held subject to the order of the Coun- 
cil on recommendation of the Editorial Board. 

Article VII . — Quorum 

Ten members shall constitute a quorum for the 
transaction of business. 

Article VIII. — By-Laws 

By-Laws shall be adopted, altered or repealed 
at any meeting by two-thirds vote of the bal- 
lots cast. 

Article TK..— Amendments 

Section 1. Intended amendments to the Consti- 
tution shall be sent to the Secretary at least one 
month before the date of the meeting at which they 
are to be considered, and must be indorsed in 
writing by at least three members. 

Sec. 2. The Secretary shall give all members due 
notice of proposed amendments. 

Sec. 3. A four-fifths vote of the members present 
shall be required for the adoption of an amend- 
ment. 

Article X . — Journal 

Section 1. The official publication of the Society 
shall be the Journal of Pharmacology and Experi- 
mental Therapeutics. 

Sec. 2. The Society shall elect an Editor-in-Chief 
for a term of three years and he with the approva 
approval of the Council shall appoint an Editoria 
Board of six members for a term of three years. 

Sec. 3. The Editorial Board shall have direct 
authority and responsibility for the active edi- 
torial conduct of the Journal of Pharmacology an 
Experimental Therapeutics and shall have discre- 
tionary power in arranging details as to the con- 
duct of the Journal. 

BY-LAWS 

1. Papers to be read shall be selected b} the 
President and Secretary, who shall be empOTcre 
to arrange the program in their discretion, aper 
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not rend slinll appear on the program as road by 
title. No member shall be permitted to rend or 
have rend by title more than one paper. 

2. An abstract of a paper to bo rend before tho 
Society shall be sent to the Seerctary with tho 
title. As c.nrly as possible after each meeting, tho 


Seerctary shall edit and publish tho Proceedings 
of the Society together with abstraots in a publi- 
cation authorized by tho Society. 

3. All applications for membership shall be ac- 
companied by a copy of as many reprints ns pos- 
sible of the published work of tho applicant. 


THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 

Founded December 29, 1913 


OFFICERS ELECTED 1942 

President — Balduin Luck£, University of Penn- 
sylvania Medical School, Philadelphia. 

Viee-Presidcnl—PAVh R. Cannon, University 
of Chicago, Chicago, Illinois. 

Seerelary-Trcasurer — H. P. S.mith, College of 
Medicine, State University of Iowa, Iowa City. 

Councilors — ^Douglas H. Sprunt, University of 
Tennessee, Memphis, Frieda S. Robscheit-Rob- 
BiNs, University of Rochester School of Medicine 
and Dentistry, Rochester, N. Y. 

PAST OFFICERS 

1914 R. M. Pearce, President; John F. Ander- 
son, Vice-President; G. H. Whipple, Secretary- 
Treasurer; Harvey Cushing, David Marine, 
Councilors. 1915 Theobald Smith, President; 
G. H. Whipple, Vice-President; Peyton Rous, 
Secretary-Treasurer; David Marine, R. M. 
Pearce, Councilors. 1916 Simon Flexner, Presi- 
dent; Leo Loeb, Vice-President; Peyton Rous, 
Secretary -Treasurer; David Marine, R. M. 
Pearce, Councilors. 1917 Ludvig Hektoen, 
President; Leo Loeb, Vice-President; Howard T. 
Karsner, Secretary-Treasurer; Paul A. Lewis, 
L. G. Rowntreb, Councilors. 1918 H. Gideon 
Wells, President; W. G. MacCallum— Vice- 
President; Howard T. Karsner, Secretary- 
Treasurer; L. G. Rowntrbe, Ludvig Hektoen, 
Councilors. 1919 W. G. MacCallum, President; 
WiLLiAJi H. Park, Vice-President; Howard T. 
Karsner, Secretary -Treasurer; LuDVid Hektoen, 
E. L. Opib, Councilors. 1920 William H. Park, 
President; F, G. Novy, Vice-President; Howard 
T. ICarsner, Secretary-Treasurer; E. L. Opib, 
Wade H. Brown, Councilors. 1921 F. G. Novr, 
President; Howard T. Karsner, Vice-President; 
Wade H. Brown, Secretary-Treasurer; Paul A. 
Lewis, A. R. Dochez, Councilors. 1922 Hoivard 
T. Karsner, President; Eugene L. Opib, Vice- 
President; Wade H. Brown, Secretary-Treasurer; 
A. R. Dochez, George H. Whipple, Councilors. 
1923 Eugene L. Opib, President; Aldred S. War- 
thin, Vice-President; Wade H. Brown, Secretary- 
Treasurer; George H. Whipple, H. Gideon 


Wells, Councilors. 1924 Aldred S. Wartiiin, 
President; George H. Whipple, Vice-President; 
Edward B. Krusibhaar, Secretary-Treasurer; 
H. Gideon Wells, Frederick L. Gates, Coun- 
cilors. 1925 George H. Whipple, President; 
Wade H. Brown, Vice-President; Edward B. 
Knu.MDHAAR, Secretary-Treasurer; Frederick 
L. Gates, David Marine, Councilors. 1926- 
Wade H. Brown, President; David Marine, 
Vice-President; Edward B. Krumbiiaar, Secre- 
tary-Treasurer; Frederick L. Gates, William F. 
Petersen, Councilors. 1927 David Marine, 
President; Edward B. Krumbiiaar, Vice-Presi- 
dent; Carl V. Weller, Secretary-Treasurer; 
WiLLiA.M F. Petersen, Frederick L. Gates, 
Councilors. 1928 Edward B. Krumbhaar, Presi- 
dent; William F. Petersen, Vice-President; 
Carl V. Weller, Secretary-Treasurer; Fred- 
erick L. Gates, Samuel R. Haythorn, Coun- 
cilors. 1929 William F. Petersen, President; 
Frederick L. Gates, Vice-President; Carl V. 
Weller, Secretary-Treasurer; Sajiuel R. Hay- 
thorn, Peyton Rous, Councilors. 1930 Fred- 
erick L, Gates, President; Sajiuel R. Haythorn, 
Vice-President; C. Phillip Miller, Secretary- 
Treasurer; Peyton Rous, Carl V. Weller, 
Councilors. 1931 Samuel R. Haythorn, Presi- 
dent; Peyton Rous, Vice-President; C. Phillip 
Miller,. Secretary-Treasurer; Carl V. Weller, 
S. Burt Wolbach, Councilors. 1932 Peyton 
Rous, President; Carl V. Weller, Vice-Presi- 
dent; C. Phillip Miller, Secretary-Treasurer; 
S. Burt Wolbach, Oskar Klotz, Councilors. 
1933 Carl V. Weller, President; S. Burt Wol- 
bach, Vice-President; C. Phillip Miller, Secre- 
tary-Treasurer; Oskar Klotz, Alphonse R. 
Dochez, Councilors. 1934 S. Burt Wolbach, 
President; Oskar Klotz, Vice-President; Shields 
Warren, Secretary-Treasurer; C. Phillip Mil- 
ler, Alphonse R. Dochez, Councilors. 1935 
Oskar Klotz, President; Alphonse R. Dochez, 
Vice-President; Shields Warren, Secretary- 
Treasurer; Morton McCutcheon, C. Phillip 
Miller, Councilors. 1936 Alphonse R. Dochez, 
President; C. Phillip Miller, Vice-President; 
Shields Warren, Secretary-Treasurer; Morton 
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McCutcheon, Ernest W. Goodpasture, Coun- 
cilors, 19E7 C. Phielip Mieeer, President; Mor- 
ton McCutcheon, Vice-President; Paul R. 
Cannon, Secretary-Treasurer; Ebnest W. Good- 
pasture, Shields Warren, Councilors. 1938 
Morton McCutcheon, President; Ernest W. 
Goodpasture, Vice-President; Paul R. Cannon, 
Secretary-Treasurer; Shields Warren, Jesse L. 
Bollman, Councilors. 1939 Ernest W. Good- 
pasture, President; Shields Warren, Vice- 
President; Paul R. Cannon, Secretary-Treasurer; 
Jesse L. Bollman, Balduin Lucki6, Councilors. 
1940 Shields Warren, President; Jesse L. Boll- 
man, Vice-President; H. P. Smith, Secretary- 
Treasurer; Balduin LuckjS, Paul R. Cannon, 
Councilors. 1941 Jesse L. BollMan, President; 
Balduin Luck6, Vice-President; H. P. Smith, 
Secretary-Treasurer; Paul R. Cannon, Douglas 
H. Sprunt, Councilors. 1942,1943 Balduin Luck6, 
President; Paul R. Cannon, Vice-President; 
H, P, Smith, Secretary-Treasurer; Douglas H. 
Sprunt, Frieda S, Robscheit-Robbins, Coun- 
cilors. 

CONSTITUTION 
Article l,~Nam.e 

The Society shall be named “The American 
Society for Experimental Pathology.” 

Article ll,— Object 

The object of this Society is to bring the produc- 
tive investigators in pathology, working essen- 
tially by experimental methods, in closer affiliation 
with the workers in the other fields of experimental 
medicine. 

Article 111— Time and Place of Meeting 

The Society shall meet at the same time and 
place as the Federation of American Societies for 
Experimental Biology, which comprises at present 
the American Physiological Society, the American 
Society of Biological Chemists, the American So- 
ciety for Pharmacology and Experimental Thera- 
peutics, and the American Society for Experimen- 
tal Pathology. 

Article IV.— Membership 

Section 1. Any American investigator who, 
through the use of experimental methods, has, 
within three years prior to his candidacy, con- 
tributed meritorious work in pathology, is eligible 
to membership. 

Sec. 2. It shall be the policy of the Society to 
restrict its membership to as small numbers as is 
compatible with the maintenance of an active 
e.xistence. 

Sec. 3. There shall be two classes of members: 
active and honorary members. 


Active members; Candidates for active member- 
ship shall bo nominated at or before an annual 
meeting by two members of the Society. The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for 
membership. Nominations approved by the Coun- 
cil shall be presented to the Society for election at 
the next annual meeting following nomination. 
For election a favorable ballot by a majority of the 
members present is necessary. 

Honorary members: These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the knowledge of pathology by experi- 
mental study. They shall be elected only by the 
unanimous vote of the members present at time of 
nomination. 

Sec. 4. Active members shall pay such annual 
dues as are determined upon, from year to year, by 
the Council. Honorary members shall pay no dues, 
are not eligible to office, and have no vote in the 
business affairs of the Society, but they shall have 
all the privileges of the active members in the 
scientific proceedings. 

Sec. 5. Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretary. At the end of the third 
year, if dues are still unpaid, such failure consti- 
tutes forfeiture of membership. 

Sec. 6. A motion for expulsion of a member must 
be thoroughly investigated by the Council; at this 
investigation the accused shall be afforded a hear- 
ing or may be represented by a member. Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting. 

Article V . — Officers , 

The management of the Society shall be vested 
in a Council of five members, consisting of a Presi- 
dent, a Vice-President, a Secretary-Treasurer, 
and two other members who shall be nominated 
by the Council and elected by the Society. Officers 
are elected by a majority vote. Vacancies shall be 
filled by the Council for the unexpired term. 

The President and Vice-President shall hold 
office for one year and are ineligible for re-election 
during the following year. The Secretary-Treas- 
urer is eligible for re-election. Councilors shal 
hold office for two years and are elected on alter- 
nate years. At the first election one Councilor shal 
be elected for a short term of one year. 

Article VI . — Quorum 

Section 1. Three constitute a quorum of the 
Council. The Council decides by a majority vote. 

Sec. 2. A quorum of the Society for transaction 
of business shall be one-fourth of the total mem- 
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bcrship.. In nil questions brought before the So- 
ciety a majority vole of those present shall decide, 
except ns elsewhere provided for. 

AnTici.B VII. — Annual Mccling 

Section 1. Papers shall be limited to ton min- 
utes. However, on motion and with unanimous 
consent, the time may be prolonged by a period not 
exceeding five minutes. The Council may make 
provision for longer papers on suitable occasions. 

Sec. 2. The subjects of papers must be confined 
to experimental work in pathology. In doubtful 
cases a liberal interpretation by the President and 
Secretary may prevail. The Council may invite, 
however, presentations dealing with any subject 
which it considers of considerable interest to the 
Society. 

Article VIII. — Change of Constilulion 

A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
by tliree members, and must be communicated to 
the members by the Secretary at least four weeks 
before the annual meeting. At this meeting such a 


change may be established when accepted by a 
four-fifths vote of the members present. 

BY-LAWS 

1. There must be in each year at least one meet- 
ing of the Council, which shall take place not later 
than the evening before the annual meeting. 

2. At the end of tho first session of the annual 
meeting the Secretary shall read the report of the 
Council. This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest. 
The Secretary shall exhibit in a conspicuous place 
the names of candidates for membership recom- 
mended by the Council, together with the evidence 
of the qualifications of the candidates. 

3. The election of officers and of new members, 
changes in the Constitution, etc., shall be voted 
upon at the end of tho first session. 

4. Changes in tho By-Laws may be determined 
by a majority vote of those present. 

5. In tho year that a new Secretary-Treasurer is 
elected tho incoming Council Member elected that 
year, or another member of the Council, shall 
become Assistant Socrotary-Troasurer for the du- 
ration of the term of the Secretary-Treasurer. 


THE AMERICAN INSTITUTE OF NUTRITION 

Founded April 11, 1983; Incorporated November 16, 1934 
Member of Federation 1940 


OFFICERS ELECTED 1944 

President — Icib G. Macv-Hoodler 
yiee-Presidenl — Wji. C. Rose 
Secretary — ^Arthur H. Sjiith 
Treasurer — ^E. M. Nelson 
Couneilors — Genevieve Stearns, T. H. Jukes 
and C. A. Elvehjem. 

Nominating Committee — ^H. A. M.vttill, Chair- 
man, N. B. Guerrant, J. C. Winters, A. A. 
Hogan, P. J. Stare. 

PAST OFFICERS 

1933 L. B. Mendel, President; H. C. Sherman, 
Vice-President; J. R. Murlin, Secretary-Treas- 
urer; E.F.DnBois,M. S. Rose, Councilors. 1934 
J. R. Murlin, President; E. F. DuBois, Vice- 
President; IciE G. Macy, Secretary; W. M. 
Boothby, Treasurer; A. H. Smith, Agnes Fay 
^loRGAN, R. M. Bethke, Councilors. 1935 J. R. 
Murlin, President; E. F. DuBois, Vice-President; 
IciE G. ^Iacy, Secretary; G. R. Cowgill, Treas- 
urer;A.H. Smith, R.M. Bethke L. A. Maynard, 
Councilors. 1936 E. F. DuBois, President; Mary 
Swartz Rose, Vice-President; G. R- Cowgill, 
Treasurer; Icie G. Macy, Secretary; R. M. 


Bethke, L. A. Maynard, C. A. Elvehjem, 
Councilors. 1937 Mary S. Rose, President; E. 

V, McCollum, Vice-President; G. R. Cowgill, 
Treasurer; Icie G. Macy, Secretary; L. A. May- 
nard, C. A. Elvehjem, P. E. Howe, Councilors. 
1938 E. V. McCollum, President; T. M. Carpen- 
ter, Vice-President; G. R. Cowgill, Treasurer; 
L. A. Maynard, Secretary; C. A. Elvehjexi, P. 
E. Howe, Helen S. Mitchell, Councilors. 1939 
H. C. Shbr-man, President; T. M. Carpenter, 
Vice-President; G. R. Cowgill, Treasurer; L. A. 
Maynard, Secretary; P. E. Howe, Helen S. 
Mitchell, A. H; Smith, Councilors. 1940 
Thorne M. Carpenter, President; A. G. Hogan, 
Vice-President; L. A. Maynard, Secretary; W. 
H. Sebrell, Jr., Treasurer; Helen S. Mitchell, 
Arthur H. Smith, Lydia J. Roberts, Councilors. 

1941 A. G. Hogan, President; L. A. Maynard, 
Vice-President; Arthur H. Smith, Secretary; 

W. H. Sebrell, Jr., Treasurer; T. H. Jukes, 
Lydia J. Roberts, H. B. Lewis, Councilors. 

1942 L. A. Maynard, President; H. B. Lewis, 
Vice-President; Arthur H. S.mith, Secretary; 
W. H. Sebrell, Jr., Treasurer; Lydia J. Roberts, 
Genevieve Stearns, T. H. Jukes, Councilors. 

1943 H. B. Lewis, President; Icie G. Macy-Hoob- 
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LEH, Vice-President; Arthur H. Smith, Secretary; 
Lydia, J. Roberts, Genevieve Stearns, T. H. 
Jukes, Councilors. 

CONSTITUTION 

1. The name of the proposed society is the 
“American Institute of Nutrition.” 

2. The purposes of the society are to further the 
extension of the knowledge of nutrition and to 
facilitate personal contact between investigators 
in nutrition and closely related fields of interest. 

3. The management of the American Institute of 
Nutrition shall be vested in a council consisting of 
the President, Vice-President, Secretary, Treas- 
urer and three additional members. 

BY-LAWS 

Article I — Membership 

Section 1. There shall be two classes of mem- 
bers, members and emeritus members. The number 
of members shall be limited to 300 exclusive of 
emeritus members. 

Sec. 2. Eligibility for membership: Members. 
Qualified investigators who have independently 
conducted and published meritorious original in- 
vestigations in some phase of the chemistry or 
physiology of nutrition and who have shown a 
professional interest in nutrition for at least 5 
years shall be eligible for membership in the So- 
ciety. Emeritus Members. Members in good stand- 
ing who have reached the age of 65 years shall 
become emeritus members. A member, in good 
standing and for sufficient reason may by vote of 
the Council be made an emeritus member. Emeri- 
tus members shall be entitled to vote but not hold 
oflSce. 

Sec. 3. Nomination: Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Sooietj’’ at a regular meeting. 

Sec. 4. Election to membership: A. A nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibility. B. A majority 
of the ballots cast shall elect. 

Sec. 5. Forfeiture: If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least two weeks before 
the next annual meeting. At this meeting the Sec- 
retary shall, on behalf of the Council, propose the 
expulsion; and if two-thirds of the members pres- 
ent vote for it, the member shall be expelled, his 
assessment for the current year shall be returned 


to him, and he shall cease to be a member of the 
Society. 

Article II — Meetings and Quorum 

Section 1. Annual: The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation. 

Sec, 2. Special: A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at 'the request in writing of a 
majority of the Council or fifty members of the 
Society. Notice specifying the purpose of such 
meeting shall be mailed to each member at least 
ten days previous thereto. The Council shall select 
the places at which meetings shall be held- 

Sec. 3. Quorum: Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 

Article III — Officials 

Section 1. Officers: The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 
annually, and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 
years. These officers shall be elected by the mem- 
bers of the Society. Their terms of office shall com- 
mence on May 1 of the year in which they are 
elected. 

Sec. 2. Council: The ofiBcers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
years, shall constitute a Board of Trustees and 
shall be known as ‘The Council.’ (When this pro- 
vision is first put into effect one member shall 
be elected for 1 year, one for 2 years and the third 
for 3 years.) 

Sec. 3. Duties of Officers: The powers and duties 
of the officers elected by the Society shall be sue 
as usually devolve upon their respective positions. 

Article IV-: — The Council , 

Section 1. Powers: The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall regu- 
larly perform the ordinary duties of an executive 
committee and possess all the powers conferre^ 
upon the Board of Trustees of an educational insti- 
tution chartered by the Education Department o 
the University of the State of New York. A perma 
nent charter was issued to the American Insti u e 
of Nutrition under date of November 16, 193 . 

Sec. 2. Reports: The Council shall report to tlie 
Society its findings on the eligibility of candi a s 
for membership, and on all charges of a vio a ion 
of these By-Laws. 
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AnTicLE V — Nominaiing CommilUc 

Section 1. Membership; A. The Nominaling 
Committee sliall consist of five members appointed 
for the coming year by the retiring President. 
Members who have served on tlic Nominating 
Committee for two consecutive years slmll be in- 
eligible for reappointment until after a lapse of 
one year. B. The President shall designate one 
member to be Chairman of the Nominating Com- 
mittee. 

Sec. 2. Nominalion of Officiak; A. The Nominat- 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the addi- 
tional positions on the Council to bo filled by vote 
of the members and for each of the positions on the 
Editorial Board to bo vacated at the time of the 
annu.al meeting. An 3 ' member of the Institute may 
submit nominations to the Nominating Committee 
for its consideration along with those nominations 
made bj’ the members of the Nominating Commit- 
tee. B. The nominations bj' the Nominating Com- 
mittee, shall be transmitted to the Secretary at 
least she weeks before the annual meeting at which 
the}’ are to be considered. C. The Secretary shall 
send to every member, at least two weeks before 
the annual meeting, a printed ballot containing the 
list of nominees and space for such additional 
names as the member wishes to propose, and at 
the same time shall notify the members that they 
may vote by mail, returning to the Secretary the 
marked ballot in the envelope provided, at such a 
time and place as the Secretary may designate, or 
■ the ballot may be delivered to the Secretary at the 
beginning of the business session at which the elec- 
tions are to take place. 

Sec. 3. Election of Officiak: A. At the beginning 
of the business session the Secretary shall present 
to the tellers, appointed by the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwith. B. A majority of votes 
cast shall be necessary to elect an official. 

Sec. 4. Filling of Vacancies: A. The Nominating 
Committee shall ffll all vacancies in elective posi- 
tions except such as may occur at a meeting of the 
Society, B. The President of the Society shall fill 
all vacancies in appointive positions. 

AirncLE VI — Financial 

Section 1 . Dues: The dues shall be the annual 
cost of subscription to The Journal of Nutrition 
for members plus an annual assessment which shall 
be determined by majority vote at the annual 
meetings, upon recommendation of the Council, 
and shall be due within a month after the annual 
meeting. Emeritus members are not required to 
subscribe to The Journal of Nutrition nor to pay 
assessments other than those levied on all members 
of the Federation by its Executive Committee. 


Sec. 2. Expcndilurcs: No c.xpendituros from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall bo made except by vote of the Society or the 
Council. 

Sec. 3. Penally for uon-paymcnl of dues; A. 
Members in arrears for dues for two consecutive 
years shall forfeit their membership. B. Delin- 
quent members may be reinstated by the Council 
provided all indebtedness to the Society is liqui- 
dated. 

AniiCLB VII — The Journal of Nutrition 

Section 1. The American Institute of Nutrition 
designates The Journal of Nutrition as its official 
organ of publication. i 

Sec. 2. In accordance with the expressed wish of 
the Wistar Institute of Anatomy and Biology, 
owner and publisher of The Journal of Nutrition, 
the American Institute of Nutrition shall nomi- 
nate members of the Editorial Board for its official 
organ. A. The editorial management of The Jour- 
nal of Nutrition shall be vested in an Editorial 
Board consisting of an Editor and twelve Board 
Members. B, The Editor shall be chosen by the 
Editorial Board to serve a term of five years begin- 
ning May 1 of the year in which he is chosen, and 
shall bo eligible for reeleotion. The Editor shall 
have the power to designate one of the Board Mem- 
bers to serve as his assistant, and such an ap- 
pointee shall be called Associate Editor. C. Three 
members of the Institute shall be nominated by the 
Nominating Committee for membership on the 
Editorial Board each year to serve a terra of four 
years, replacing three retiring members and taking 
office May 1 of the year in which they are elected. 
In the event of a vacancy in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each such 
vacancy to be filled shall make an additional nom- 
ination. In this event the nominees elected who 
receive the greatest number of votes shall serve 
the longest term of vacancies to be filled. D. Re- 
tiring members of the Editorial Board shall not be 
eligible for renomination until one year after their 
retirement. 

Ahticeb VIII — Papers on Scientific Subjects 

Section 1. The Secretary shall be authorized 
to arrange programs for the scientific sessions at 
the annual meetings. 

Article IX — Changes in Constitution and 
By-Laws 

F Section 1. Proposed changes in the Constitution 
and By-Laws must be sent in writing to the Secre- 
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tary at least one month before the date of the 
meeting at which they are to be considered, and 
must be signed by at least three members. The 
Secretary shall send a printed copy of any pro- 
posed change to each member at least two weeks 


before the ne.\t meeting and shall notify all mem- 
bers that they may vote by proxy. 

Sec, 2, If at this meeting two-thirds of the votes 
cast shall favor the proposed change, it shall be 
made. 


THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS 

Founded June 19, 1913; Member of Federation 1942 


OFFICERS ELECTED 1942 
President — Jacques J. BnoNFENBRENNEn, Wash- 
ington University School of Medicine, St. 
Louis, Mo. 

Secretary-Treasurer — Arthur F. Coca, Pearl 
River, N. Y. 

Council — Jacques J. Bronfenbrenner, Ar- 
thur F, Coca, Michael Heidelberger, 620 W. 
168 St., New York City, Paul R. Cannon, Univer- 
sity of Chicago, Chicago, III., Karl F. Meyer, 
Medical Center, San Francisco, Cal., George P. 
Berry, University of Rochester, Rochester, N. Y., 
Donald T. Fraser, Connaught Laboratories, 
University of Toronto, Toronto, Canada, Sanford 
B. Hooker, (Ex officio), 80 East Concord St., Bos- 
ton, Mass., John F. Enders, (Ex officio). Harvard 
University School of Medicine, Boston, Mass. 

PAST OFFICERS 

Presidents — 1913 Gerald B. Webb. 1915 James 
W. JoBLiNG. 1916 Richard Weil. 1917 John A. 
Kolmer. 1918 William H. Park. 1919 Hans 
Zinsser. 1920 Rufus I. Cole. 1921 Frederick 
P. Gay. 1922 George W. McCoy. 1923 H. 
Gideon Wells. 1924 Frederick G. Novy. 1925 
Wilfred H. Manwaring. 1926 Ludvig Hek- 
TOEN. 1927 ILarl Landsteiner. 1928 Eugene 
L. Opie. 1929 Oswald T. Avery. 1930 Stanhope 
Bayne-Jones. 1931 Alphonse R. Dochez. 1932 
Augustus B. Wadsworth. 1933 Thomas M. 
Rivers. 1934 Francis G. Blake. 1935 War- 
field T. Longcope. 1936 Sanford B. Hooker. 
1937 Carl TenBroeck. 1938 Donald T. Fraser. 
1939 George P. Berry. 1940 Paul R. Cannon. 
1941 Karl F. Meyer. 1942, 1943 Jacques J. 
Bronfenbrenner. 

Vice-Presidents — 1913-1915 George W. Ross. 
1915 George P. Sanborn, 1916 John A. Kolmer. 
Secretary — 1913-1918 Martin J. Synott. 
Treasurer — 1913 — 1918 Willard J. Stone. 
Secretary-Treasurer — 1918-date. Arthur F. Coca. 

CONSTITUTION AND BY-LAWS 
Adopted April ff, 1917 
Article I 

Section 1, This Association sliall be called “The 
American Association of Immunologists.” 


Sec. 2. The purpose of the Association shall be 
to study the problems of immunology and its ap- 
plication to clinical medicine. 

Article II 

Section 1. The Association shall be governed by 
a Council of seven, which shall consist of the 
officers of the association and enough active mem- 
bers to make a total of seven members. 

Sec. 2. The officers of the Association shall be a 
President, a Secretary, and a Treasurer, who shall 
be nonunated annually by the Council, and elected 
by the Society to serve for one year. Nominations 
of officers may be made also by members of the 
Society. 

Sec. 3. No councilor is eligible for re-election 
until after one year, except the Secretary and the 
Treasurer, who are eligible for re-election. 

Sec. 4. If any councilor without good and suf- 
ficient reason fails to attend two consecutive meet- 
ings of the Council he shall be considered to have 
resigned. 

Sec. 5. The same person shall not serve as Presi- 
dent more than one year consecutively. 

Sec. 6. It is the duty of the Council to conduct 
the business of the Association and to elect the new 
members. Should a vacancy occur in the Council 
otherwise than by the expiration of the term o 
service, the Council may elect a member to serve 
for the unexpired portion of the term. 

Article III 

Section 1. Active Members. Any one actively 
engaged in the systematic study of problems re- 
lating to immunology shall be eligible ~to active 
membership. , ' 

Article IV 

Candidates for membership shall be nominated 
by two active members of the Association w lo 
shall present in writing to the Council evidence o 
the fitness of the candidates to become mem ors o 
the Association. 

Article V 

If a majority of the Council shall decide that tl 
interests of the Society require the expu sion 
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member, the Secretary shall send a notice of this 
decision to each active member at least two weeks 
before the next annual meeting. At this meeting 
the Secretary shall, on behalf of the Council, pro- 
pose the expulsion; and if two-thirds of the mem- 
bers present vote for it, the member shall bo 
expelled, his assessment for the current year shall 
bo returned to him, and he shall cease to bo a 
member of the Socictj'. 

AnxiCLE VI 

Section 1. A quorum of the Council for the 
transaction of all business shall bo three. 

Sec. 2. Any number of members present at the 
time appointed for the annual meeting of the Asso- 
ciation, shall constitute a quorum. 

BY-LAWS 

1. A regular meeting of the Association shall be 
held annually at such time and place as the Council 
shall determine. 

2. Special meetings of the Association may be. 
held at the discretion of the Council. 

3. These regular and special meetings shall be 
open to all members of the Association. 

1. A meeting of the Council shall be held shortly 
before each annual session of the Association. 

, 5. Hereafter each Councilor shall serve for a 
period of six years. Under this rule the service of 
one member and also that of the Secretary-Treas- 
urer terminates at the meeting of 1936. At that 
meeting two members shall be elected to the Coun- 


cil, one of whom may serve as Secretary -Treasurer. 
Thereafter the period of service of these two mem- 
bers shall run concurrently; hence, two members 
must be elected to the Council every six years in 
order to maintain a membership of seven. 

6. Past Presidents are honorary members of the 
Council. 

7. The titles of all communications to bo pre- 
sented before the Association shall be approved by 
the Council. 

8. Failure of an active member to offer a paper at 
least once in three years shall be equivalent to 
resignation. If in its judgment there is sufficient 
reason the Council may, in individual cases, sus- 
pend this rule. 

9. The dues of the Association shall be fixed 
annually by the Council. 

10. Failure to pay dues for three successive years 
shall constitute annulment of membership. 

11. The constitution and by-laws may be 
amended by a two-thirds vote of the active mem- 
bers present at any regular meeting. 

12. No amendment shall be adopted at the meet- 
ing at which it is proposed. 

13. The Journal of Immunology, which is the 
property and official organ of tMs Association, 
shall be admim’stered for the Association by an 
editorial staff to consist of an Editor-in-Chief and 
at least three Associate Editors, with the advice of 
a Board of Editors. 

14. The members of the editorial staff shall be 
elected or may be removed by a majority vote of 
the Council of the Association. 
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ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 

The parenthesis following each listed name gives the Society alTiliation and year of election: 

(1) The American Physiological Society* 

(2) The American Society of Biological Chemists 

(3) The American Society for Pharmacology and Experimental Therapeutics 

(4) The American Society for Experimental Pathology 

(5) The American Institute of Nutrition 

(6) The American Association of Immunologists 


HONORARY MEMBERS 

Castaneda, M. Ruiz, M.D. Investigaciones Medi- 
cas, Hospital General, Mexico, D. F. Director, 
Department of Medical Research. (6, 1942) 
Chopra, R. N., M.A., M.D., Sc.D. (Cantab), 
F.R.C.P. (London) P.I.B. School of Tropical 
Medicine, Calcutta, India. Director; Professor 
of Pharmacology. (3, 1938) 

Dale, H. H. Medical Research Council, National 
Institute for Medical Research, Hampstead, 
London, N.W. 3, England. Director, National 
Institute for Medical Research. (3, 1926) 
Fiexner, Simon, M.D., Sc.D.(hon.), LL.D. 520 
E. 86th St., New York City. Emeritus Director, 
Rockefeller Institute for Medical Research. 
(G, 1920) 

Hektoen, Ludvig, M.D. 629 S. Wood St., Chicago, 
111. President, Chicago Tumor Institute. (6, 
1919) 

Hitchens, Arthur P., M.D. Medical School, 
University of Pennsylvania, Philadelphia. Pro- 
fessor of Public Health and Preventive Medicine; 
Lt. Col., M.C., U.S.A. (G, 1913) 

Houssay, Bernardo A., M.D. Viamonte 2790, 
Buenos Aires, Argentina. (1, 1942) 

Huntoon, F. M., M.D. Woodbridge, Conn. (G, 
1918) 

Lowei, Otto, M.D. New York University College 
of Medicine, 477 First Ave., New York City 
Research Professor in Pharmacology. (3, 1941) 
McCoy, George Walter, M.D. Louisiana State 
University Medical School, New Orleans. 
Director, Department of Public Health. (6, 
1916) 

Novy, Frederick G., M.D., Sc.D., LL.D. 721 
Forest Ave., Ann Arbor, Mich. Dean Emeritus 
and Professor Emeritus of Bacteriology, Medical 
School, University of Michigan. (G, 1920) 
Rosenau, Milton J., M.D., A.M. Medical School, 
University of North Carolina, Chapel Hill. 
Director, School of Public Health; Professor of 
Epidemiology, School of Public Health. (6, 
1918) 


* Recommended by the Council of the American 
Phj'siological Society for election at the next an- 
nual meeting of the Society. 


Sherrington, Sir Charles S,, O.M., Sc.D., M.D., 
F.R.S. “Broomside,” Valley Road, Ipswich 
England. Former Wayneflele Professor of Physi- 
ology, Oxford University; Former President oj 
the Royal Society. (1, 1904) 

Sordclli, A. Institute of Bacteriology, Depart- 
ment of Public Health, Buenos Aires, Argentina. 
Director. (6, 1942) 

Straub, Walther, M.D. University of Munich, 
Germany. (3, 1927) 

MEMBERS 

Abels, Jules C., M.D. Memorial Hospital, 444 E. 
68th St., New York City. Assistant Attending 
Physician. (4, 1944) 

Abramson, David Irwin, M.D. Percy Jones Gen- 
eral Hospital, Springfield, Mo. Captain, Medical 
Corps. (1, 1937) 

Abramson, Harold A., M.D. 133 E. 58th St., 
New York City. Assistant Professor of Physi- 
ology, College of Physicians and Surgeons, 
Columbia University. (1, 1930 j 2, 1934) 

Abreu, BenedictE.,M.S.,Ph.D., Division of Phar- 
macology, Univ. of California Medical School, 
San Francisco. Assistant Professor of Pharma- 
cology. (3, 1941) 

Acheson, George H., M.D. Harvard Medical 
School, 25 Shattuck St., Boston, Mass. Associate 
in Pharmacology. (1, 1942) 

Adams, Mildred, M.A., Ph.D. Takamine Labora- 
tory, Clifton, N. ,J. Research Chemist. (2, 
1934) 

Adams, -R. Charles, M.D., C.M., M.S. (Anes- 
thesiology), Mayo Clinic, Rochester, Minn. 
Instructor in Anesthesia, Mayo Foundation, 
University of Minnesota. Member of Mayo 
Clinic Staff, Section on Anesthesia. (3, 1042) 

Adams, W. Lloyd, M.A., Ph.D. Albany Medica 
College, 357 Morris St., Albany, N. Y. Assistant 
Professor of ^Physiology and Pharmacology. 
(3, 1942) 

Addis, Thomas, M.D., M.R.C.P. Lane Hospital, 

- San Francisco, Calif. Professor of Medicine, 
Stanford University. (1, 1922) 

Addison, William H. F., M.D. School of Mehi- 
cine, University of Pennsylvania, Philade P u • 
Professor of Histology and Embryology- > 
1928) 
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Adler, Harry F., M.S., Ph.D.* Xorlhwcstcrn Uni- 
versity Medical School, 303 E. Chicago Avc., 
Chicago, 111. lustructor in Physiology. (1, 1913) 
Adolph, Edward Frederick, Ph.D. School of 
Medicine and Dentistry, University of Roches- 
ter, Rochester, N. Y. Associate Professor of 
Physiology. (1, 1921) 

IdolpH, William H., Ph.D., 119 Eddy St., Ithaca, 
N.y. (5, lOSI) 

llbancsc, Anthony A., Ph.D. The Johns Hopkins 
Hospital, B.altiinorc, Md. Associate in Pediatrics, 
Department of Pediatrics, The Johns Hopkins 
University. (2, 1944) 

Ubritton, Errett C., M.D. Gcoigo Washington 
University Mcdic.al School, 1339 H St., N.W., 
Washington, D. C. Professor of Physiology and 
Head of the Department of Physiology. (1. 1933) 
Allen, Charles Robert, Ph.D.* University of 
Texas, School of Medicine, Galveston. Assistant 
Professor of Department of Anesthesiology. (I, 
1913) 

Allen, Frank N., M.D. Lahey Clinic, 605 Com- 
monwealth Ave., Boston, Mass. Co-director of 
the Medical Department. (4, 1930) 

Allen, Frederick M., AI.D. 1031 Fifth Ave., 
Xew York City. Professor of Medicine, Poly- 
clinic Medical School and Hospital. (1, 1924; 
4, prior to 1920) 

Allen, J. Garrott, M.D.* University of Chicago, 
University Clinics, Chicago, 111. Instructor in 
Surgery. (1, 1943) 

Allen, Lane, M.S., Ph.D., AI.D. University of 
Georgia School of Medicine, University Place, 
-Augusta. Associate Professor of Anatomy. 
U, 1939) 

Allen, Willard M., M.D. Washington University 
School of Medicine, 630 S. ICingshighway Blvd., 
St. Louis, Mo. Professor of Obstetrics and 
Gynecology. (1, 1934) 

Allen, William F., Ph.D. University of Oregon 
Medical School, Portland. Professor of Anat- 
omy. (1, 1929) 

Alles. Gordon A., M.S., Ph.D. 770 S. Arroyo 
Parkn-ay, Pasadena, Calif. Lecturer in Phar- 
macology, University of California Medical 
School, San Francisco, and Research Associate 
in Biology, California Institute of Technology, 
Pasadena. (1, 1932; 3, 1941) 

Almquiaf, Herman J., Ph.D. F. E. Boothby Labo- 
ratories, 1290 Powell St., Emeryville, Calif. 
Director of Poultry Husbandry, University of 
California. (2, 1937; 5, 1937) 

Alvarez, Walter C., M.D. Mayo Clinic, Roches- 
ter, Minn. Professor of Medicine, Mayo Foun- 
dation. (I, 1917; 3, 1921) 

A”ing, Alf Sven, M.D. Billings Hospital, Uni- 
versity of Chicago, 950 E. 59th St., Chicago, Rl. 
Associate Professor of Medicine. (1, 1939) 
■^herg, Samuel, M.D., F.A.A.P. Alayo Clinic, 
Rochester, Minn. Associate in Pediatrics, Mayo 


Clinic; Associate Professor of Pediatrics, Mayo 
Foundation (1, 1903; 2, 1906; 3, 1909) 

Amberson, William R., Ph.D. University of 
Maryland School of Medicine, Baltimore. Pro- 
fessor of Physiology. (1, 1924) 

Ambrose, Anthony M., M.S., Ph.D. Western Re- 
gional Research Laboratory, SOO Buchanan St., 
Albany, Calif. Associate Pharmacologist, U. S. 
Department of Agriculture, Bureau of Agricid- 
tural Chemistry and Enghiccring.j (3, 1937) 
Amoss, Harold L., M.D., M.S., Dr.P.H., Sc.D. 21 
Field Point Road, Greenwich, Conn. (4, 1922; 6, 
1917) 

Andersch, Marie A., Ph.D. University Hospital, 
Baltimore, Md. Biochemist, University Hospital, 
Instructor in Medicine, University of Maryland. 
(2, 1940) 

Andersen, Dorothy H., AI.D, Babies Hospital, 
Broadway and 167th St,, Neij York City. 
Associate in Pathology, Columbia University. 
(4, 1935) 

Anderson, Evelyn M., M.A., AI.D. University of 
California Hospital, San Francisco. Assistant 
Professor of Medicine. (1, 1934) 

Anderson, Hamilton H., M.S., M.D. Pharma- 
cology Laboratory, Univ. of California Aledieal 
School, San Francisco. Professor of Pharma- 
cology. (3, 1931) 

Anderson, Oscar Daniel, Ph.D. Stimson Hall, 
Cornell University, Ithaca, N. Y, Assistant 
Professor of Physiology. (I, 1939) 

Anderson, Rudolph J., Ph.D. Sterling Labora- 
tory, Yale University, New Haven, Conn. 
Professor of Chemistry i (2, 1915) 

Anderson, W. A. D., M.A., M.D. St. Louis Uni- 
versity School of Medicine, St. Louis, AIo. 
Associate Professor of Pathology. (4, 1941) 
Anderson, William E., M.A. Eastern State 
Farmers’ Exchange, Westbrook Farm, Rockville, 
Conn. Biochemist. (2, 1931; S, 1933) 
Andervont, H. B., Sc.D. National Cancer Insti- 
tute, Betheada, Md. Principal Biologist, U. S. 
Public Health Service. (4, 1939) 

Andrews, James C., Ph.D. University of North 
Carolina, Chapel Hill. Professor of Biological 
Chemistry and Nutrition. (2, 1925) 

Andrus, E. Cowles, M.D. Johns Hopkins Hospi- 
tal, Baltimore, Md. Assistant Visiting Physi- 
cian; Associate Professor of Medicine, Johns 
Hopkins University. (1, 1925) 

Angerer, CliFord, Ph.D.* Ohio State University, 
Columbus. Instructor in Physiology. (1, 1943) 
Angevine, D. Murray, M.D. Alfred -1. du Pont 
Institute, Wilmington, Del. Pathologist; Visit- 
ing Assistant Professor of Pathology, University 
of Pennsylvania. (4, 1940) 

Angier, Roswell Parker, Ph.D. c/o Los Ranchos 
Perkins, Tucson, Ariz. Professor of Psychology, 
Yale University. (I, 1906) 
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Ansbacher, Stefan, M.S., D.Sc. American Home 
Products Corp., Products Development Laby., 
350 Fifth Ave., New York City. Scientific Direc- 
tor. (2, 1939) 

Anson, Mortimer L., Ph.D. 26 Central Park West, 
New York City. Continental Foods, Inc., Hobo- 
ken, N. J. Director of Biochemical Research. 
(2, 1937) 

Apperly, Frank L., M.A., D.Sc., M.D., F.R.C.P. 
Medical College of Virginia, Richmond. Profes- 
sor of Pathology, (4, 1936) 

Arkin, Aaron, M.A., M.D., Ph.D. Suite 2006, 
25 E. Washington St., Chicago, 111. Professor of 
Medicine, Rush Medical College, Univ. of Chi- 
cago; Professor and Chairman, Dept, of Medicine, 
Cook County Graduate School. (1, 1914; 3, 1919) 

Armstrong, W. D., M.S., M.D., Ph.D, Medical 
Sciences Bldg., University of Minnesota, Min- 
neapolis. Professor of Physiological Chemistry, 
(2, 1938) 

Arnold, Lloyd, A.M., M.D. 1538 E. 57th St., 
Chicago, 111. (4, 1930 ; 6, 1925) 

Arnow, L. Earle, Ph.D., M.D. Medical Research 
Division, Sharp and Dohme, Glenolden, Pa. 
Director of Research. (2, 1940) 

Aronson, Joseph D., M.D. Associate Professor of 
Bacteriology, Phipps Institute, University of 
Pennsylvania; Lt. Col., M.C., 361st Med. Com- 
posite Detachment (Lab.) Camp Ellis, III, 
(4, 1927; 6, 1925) 

Artom, Camillo, M.D. Bowman Gray School of 
Medicine, Winston-Salem, N. C. Professor of 
Biochemistry. (2, 1944) 

Ascham, Leah, Ph.D.' Kansas State College, 
Manhattan. Associate Professor, School of 
Home Economics. (5, 1935) 

Asenjo, Conrado F„ Ch.E., M.S., Ph.D. Dept, of 
Chemistry, School of Tropical Medicine, Box 
4509, San Juan, Puerto Rico. Assistant Professor 
of Chemistry and Acting Head'of Department, 
School of Tropical Medicine of the University of 
Puerto Rico under the Auspices of Columbia 
University. (2, 1944) 

Ashby, Winifred M., Ph.D. 305 10th St., N.E., 
Washington, D. C. Senior Scientist, Federal 
Security Agency (St. Elizabeth’s Hospital) 
(6, 1923) 

Ashman, Richard, M.S., Ph.D. School of Medi- 
cine, Louisiana State University, New Orleans, 
Professor of Physiology. (1, 1925) 

Astwood, Edwin Bennet, M.D., C.M., Ph.D. 
Harvard Medical School, 25 Shattuck St., Bos- 
ton, Mass. Assistant Professor of Pharmaco- 
therapy. (1, 1939) 

Aub, Joseph C., M.D. Collis P. Huntington 
Memorial Hospital, 695 Huntington Ave., 
Boston, Mass. Associate Professor of Medicine, 
Harvard Medical School. (1, 1919; 5, 1933) 


Auer, John, M.D . 1402 S. Grand Blvd., St. Louis 
Mo. Professor of Pharmacology and Dtreclo: 
of the Department, St. Louis University Schoo 
of Medicine. (1, 1905; 3, 1908) 

Austin, J. Harold, M.D. 711 Maloney Clinic 
36th and Spruce Sts., Philadelphia, Pa. Dim 
tor, Pepper Laboratory. (2, 1922) 

Austin, Richard Sisson, M.D.' Cincinnati General 
Hospital, University of Cincinnati, Cincinnati, 
0. Professor of Pathology, (4, 1927) 

Avery, O. T., M.D., Sc.D., LL.D. Hospital of 
the Rockefeller Institute, 66th St. and York 
Ave., New York City. Member Emerilus, 
Rockefeller Institute for Medical Research. 
(4, 1921; 6, 1920) 

Axtmayer, Joseph H., A.M., Ph.D. School of 
Tropical Medicine, San Juan, Porto Rico. 
Associate Professor of Chemistry. (5, 1935) 
Babkin, B. P., M.D., D.Sc., F.R.S.C. McGill 
University, Montreal, Canada. Professor oj 
Physiology. (1, 1924) . 

Bachem, Albert, Ph.D. College of Medicine, 
University of Illinois, 1853 W. Polk St., Chicago. 
Professor of Biophysics. (1, 1933) 

Bachman, Carl, M.D. Mobile Hospital No. 5, 
c/o Fleet P. 0., San Francisco, Calif. Lieitl. 
Commander. (2, 1941) 

Bachmann, George, M.S., M.D., F.A.C.P. 10S3 
Lullwater Road, N.E,, Atlanta, Ga. Professor of 
Physiology, Emory University School of Medi- 
cine. (1, 1912) 

Baer, Erich, Ph.D. Banting Institute, 100 College 
St., Toronto, Canada. Assistant ResearchPro- 
fessor of Organic Chemistry, University of 
Toronto. (2, 1942) 

Baernstein, Harry D., M.S., Ph.D. National 
Institute of Health, Bethesda, Md. Biochemist. 


1934 ) . 0.1 

Baetjer, Anna M., D.Sc. Johns Hopkins Schoo 
of Hygiene and Public Health, 615 N. Wolfe St., 
Baltimore, Md. Associate in Physiology. (L 
1929) 

Bahrs, Alice M., M.A., Ph.D. The Martha Wash- 
ington Hotel, 10th and Montgomery Sts., Port- 


land, Ore. (1, 1933) „ 

Bailey, Cameron Vernon, M.D., C.M. 303 • 

20th St., New York City. Clinical Professor o) 
Medicine, New York Post-Graduate Mcdi^ 
School, Columbia University. (2, 1920; 5, 19 1 
Bailey, Orville T., M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Associate in Pathology. (4, 1939) 

Bailey, Percival, M.D., Ph.D. University oi 
Illinois College of Medicine, 912 S. Wood bt.. 
Chicago. Professor of Neurology ^ 

surgery. (1, 1941) Yn]e 

Baitsell, George Alfred, A.M., Ph- • 
Station, New Haven, Conn. Professor of tao - 
ogy, Yale University. (1, 1915) 
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Baker, A. B., M.D. University of Minnesota 
Medical School, 120 Millard Hall, Minneapolis. 
Associate Professor of Neuropsychiatry and 
Neuropathology. (4, 1940) 

Baker, Roger D., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Pathology in Charge 
of Surgical Pathology, Duke University Medical 
School; Associate Pathologist, Duke Hospital. 
(4, 1939) 

Baldcs, Edward J., A.M., Ph.D. Mayo Founda- 
tion, Rochester, Minn. Assistant Professor of 
Physics, Mayo Foxtndalion, Graduate School, 
University of Minnesota. (1, 1930) 

Baldwin, Francis Marsh, A.M., Ph.D. University 
of Southern California, Los Angeles. Professor 
of Zoology and Director of Experimental Marine 
Biology. (1, 1919) 

Bale, William P., Ph.D.* University of Rochester, 
School of Medicine and Dentistry, Rochester, 
K. Y. Associate in Radiology. (1, 1943) 

Ball, Erie G., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate Professor of 
Biological Chemistry. (2, 1934) 

Ball, Howard A., M.D . San Diego County General 
, Hospital, N. Front St., San Diego, Calif. Path- 
ologist, San Diego County General and Paradise 
Valley Hospitals. (4, 1937) 

Balls, Arnold Kent, P^D. Enzyme Research Lab- 
oratory, U. S. Bureau of Agricultural and In- 
dustrial Chemistry, Western Regional Research 
Laboratory, 800 Buchanan St., Albany 0, Calif. 
Head Chemist; Adjunct Professor, The George 
Washington University (on leave). (2, 1932) 
Banns, Mario Garcia, M.Sc., D.Sc. Tufts College 
Medical School, Boston, Mass. Associate Pro- 
fessor of Physiology. (1, 1927) 

Bard, Philip, A.M., Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
St., Baltimore, Md. Professor of Physiology; 
Member National Academy of Sciences. (1, 1929) 
Barkan, Georg, M.D., Dr. habil. 80 E. Concord 
St., Boston, Mass. Former Prof essor of Pharma- 
coloffy and Director of the Pharmacological 
Institute, Univ. of Dorpat {Estonia) ; Assistant 
Professor of Biochemistry, Boston University 
School of Medicine. (3, 1939) 

Barker, S. B., Ph.D. College of Medicine, State 
University of Iowa, Iowa City. Assistant Pro- 
fessor of Physiology. (1, 1938) 

Barlow, 0. W., Ph.D., M.D. Nutrition Research 
Laboratories, 4210 Peterson Ave., Chicago, Rl. 
Medical and Research Director. (1, 1936; 3, 
1944) 

Barnes, B. O., A.M., Ph.D. 2220 S. St. Paul, 
Denver, Colo. Professor of Health Education, 
University of Denver. Station Hospital, KAAF, 
Kingman, Ariz. (1, 1932) 

Barnes, LaVerne A., M.S., PhD. 5515 Maple Ave., 
Bethesda, Md. Lieutenant, H-F(S), U.S.N.R. 


{Epidemiology and Sanitation Unit, National 
Naval Medical School). (6, 1931) 

Barnes, Richard Henry, Ph.D. Dept, of Physi- 
ology, University of Minnesota, Minneapolis. 
Assistant Professor, Physiological Chemistry. 
(2, 1941; 5, 1944) 

Barnes, Thomas C., D.Sc. Hahnemann Medical 
College, Philadelphia, Penna. Associate Profes- 
sor of Physiology. (1, 1942) 

Barott, Herbert G„ E.E. U. S. Department of 
Agriculture, National Agricultural Research 
Center, Beltsville, Md. Biophysicist, Animal 
Nutrition Division, Bureau of Animal Industry. 
(5, 1938) 

Barrera, S. Eugene, M.D. Albany Medical College, 
New Scotland Ave., Albany, N. Y. (1, 1937) 
Barron, Donald H., M.S., Ph.D., M.A. (Cam- 
bridge)* Yale University School of Medicine, 
Nerv Haven, Conn. Associate Professor of Phys- 
iology. (1, 1943) 

Barron, E. S. Guzman, M.D. Department of 
Medicine, University of Chicago, Chicago, 111. 
Associate Professor of Biochemistry. (2, 1931) 
Bartley, S. Howard, Ph.D. Dartmouth Eye 
Institute, Dartmouth College, Hanover, N. H. 
Assistant Professor of Research in Physiological 
Optics. (1, 1935) 

Bass, Allan D., M.S., M.D. c/o G. C. Thompson, 
Manchester, Ga. Professor of Pharmacology, 
Syracuse University. On leave of absence in the 
Service. (3, 1944) 

Batchelder, Esther L., A.M., Ph.D. Rhode Island 
State College, School of Agriculture and Home 
Economics, Kingston. Head of Department of 
Home Economics. (5, 1933) 

Bates, Robert W., Ph.D. Difeo Laboratories, 
Inc., 920 Henry St., Detroit, Mich. Biochemist. 
(2, 1936) 

Batterman, Robert C., M.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Instructor in Therapeutics. (3, 
1941) 

Baudisch, Oskar, Ph.D. Saratoga Springs, N. Y. 
Director of Research, Saratoga Springs Author- 
ity, State of New York. (2, 1931) 

Bauer, Johannes H., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City. Member 
of Staff, International Health Division of the 
Rockefeller Foundation. (4, 1935) 

Bauer, Walter, M.D. Massachusetts General 
Hospital, Boston. Associate Professor and Tu- 
tor in Medicine, iHarvard Medical School; 
Colonel, MC, Army Service Forces Hg. 8th Service 
Command, Dallas, Texas. (1, 1929) 

Bauman, Louis, M.D. Presbyterian Hospital, 
New York City. Assistant Professor of Clinical 
Medicine, Columbia University. (2, 1912) 
Baumann, Carl A., M.S., Ph.D. Biochemistry 
Dept., University of Wisconsin, Madison. 
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Associate Professor of Biochemistry. (2, 1938; 

5, 1938) 

BaTnnann, Emil J., PE.D, 7 ChurcE Lane, Sears- 
dale, N. Y. Chemist, Montefiore Hospital, (2, 
1922) 

Baumberger, J. Percy, M.S., Sc.D. Stanford 
University, Calif. Professor of Physiology. 
(1, 1921) 

Bayne-Jones, Stanhope, M.D, Yale University, 
School of Medicine, New Haven, Conn. Pro- 
fessor of Bacteriology. (4, 1927 ; 6, 1917) 
Bazett, Henry C., M.A., M.D., F.R.C.S. Uni- 
versity of Pennsylvania, School of Medicine, 
Philadelphia. Professor of Physiology. (1, 
1921) 

Beach, Eliot F., Ph.D. 2nd Port Headquarters, 
Surgeon’s Office, APO 322, San Francisco, Calif. 
Captain, Sanitary Corps. (2, 1941; 5, '1942) 
Bean, John W., M.S., Ph.D., M.D. University 
of Michigan, Ann Arbor. Associate Professor of 
Physiology. (1, 1932) 

Beard, Howard H., M.A., Ph.D. 1542 Tulane 
Ave., New Orleans, La. Professor of Bio- 
chemistry, Louisiana State University Medical 
Center. (2, 1928 ; 5, 1933) 

Beard, Joseph W., M.D. Duke Hospital, Durhana, 
N. C. Associate Professor of Sitrgery. (4, 1938; 

6, 1940) 

Beazell, James Myler, Ph.D., M.D. 2118 Hayden, 
Amarillo, Texas. Captain, MG, AUS; Instructor 
in Physiology and Pharmacology, Northwestern 
University School of Medicine. (1, 1939) 

Beck, Claude S., M.D. Lakeside Hospital, Cleve- 
land, 0. Professor of Neurosurgery, Western 
Reserve University; Associate Surgeon, Lakeside 
Hospital. (4, 1930) 

Beck, Lyle V., M.S., Ph.D. Hahnemann Medical 
College, 235 N. 15th St., Philadelphia, Pa. 
Associate Professor of Physiology. (1, 1941) 
Becker, Ernestine, M.A. Johns Hopkins Univer- 
sity, Baltimore, Md. Associate in Biochemistry. 
(5, 1938) 

Becker, R. Frederick, M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Instructor in Anatomy. (1, 1941) 
Becker, Theodore J., M.A., Ph.D. Winthrop 
Chemical Co., Rensselaer, N. Y. Research 
Pharmacologist. (3, 1944) 

Beckman, Harry, M.D. Marquette University 
School of Medicine, Milwaukee, Wis. Professor 
and Director of the Department of Pharmacology. 
(3, 1937) 

Beecher, Henry K,, M.D. Massachusetts General 
Hospital, Boston. Dorr Professor of Research in 
Anaesthesia, Harvard Medical School; Anes- 
ihelist-in-Chief, Massachusetts General Hospital. 
(3, 1940) 

Behre, Jeanette Allen, Ph.D. Department of 
Biochemistry, College of Physicians and Sur- 


geons, 630 W. 168th St., Now York City. Associ- 
ate. (2, 1925) 

Bclding, David L., M.D. Boston University 
School of Medicine, Boston, Mass. Professor of 
Bacteriology and Experimental Pathology. (4, 
1927) 

Bell, E. T., M,D. 110 Anatomy Bldg., University 
of Minnesota, Minneapolis. Professor of Path- 
ology. (4, 1931) 

Benedict, Francis Gano, Ph.D., Sc.D., MU. 
Machiasport, Me. Former Director of the Nutri- 
tion Laboratory of the Carnegie Institution of 
Washington; Member of the National Academy 
of Sciences. (1, 1904; 2, 1906) 

Bennett, A. Lawrence, Ph.D., M.D. College of 
Medicine, University of Nebraska, Omaha. 
Professor of Physiology and Pharmacology. 
(1. 1941) 

Bennett, Granville A., M.D. University of Illinois 
College of Medicine, 1853 West Polk Street, 
Chicago. Professor of Pathology. (4, 1931) 
Bennett, Mary Adelia, M.A., Ph.D; Lankenau ‘ 
Hospital Research Institute, Philadelphia, Pa. 
Research Biochemist. (2, 1941) 

Benson, Clara C., Ph.D. 157 Bloor St., W., 
Toronto, Canada. Professor of Food Chemistry, 
University of Toronto. (2, 1906) 

Berg, Benjamin N., M.D. 630 W. 16Sth St., 
New York City. Associate in Pathology, 
Columbia University, College of Physicians and 
Surgeons. (4, 1928) 

Berg, Clarence P., M.A., Ph.D. Chemistry De- 
partment, State University of Iowa, Iowa City. 
Associate Professor of Biochemistry. (2, 1933; 
5, 1936) 

Berg, William N., Ph.D. 225 W. 106th St., New 
York City. Biochemist. (2, 1906) 

Bergeim, Olaf, M.S., Ph.D. 1853 W. Polk St., 
Chicago, 111. Associate Professor of Physiologi- 
cal Chemistry, University of Illinois College of 
Medicine. (1, 1916; 2, 1914, 5, 1933) 

Bergmann, Werner, Ph.D. Sterling Chemistry 
Building, Yale University, New Haven, Conn. 
Assocrafe Professor. (2, 1934) 

Berkson, Joseph, M.A,, M.D., D.Sc. 2141 Eye St., 
N.W., Washington, D. C. Associate Professor, 
Biometry and Medical Statistics, Mayo Founda- 
tion, University of Minnesota, Col. AUS. ( > 
1933) 

Bernheim, Frederick, Ph.D. Box 3109, Du 'C 
Medical School, Durham, N. C. Associate 
Professor of Physiology and Pharmacology- 
(2, 1933 -,3, 1935) ^ 

Bernthal, Theodore G., M.S., M.D. Vanderbilt 
University School of Medicine, Nashville, cnn. 
Associate Professor of Physiology. ( 1 > , . 

Berry, George Packer, M.D. 

Rochester, Rochester, N. Y. Assistant e , 
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Professor of Bacteriology; Associate Professor of 
Medicine. (4, I93S; G, 1934) 

Besscy, Otto A., Ph.D. Public Health Research 
Institute of the City of New York, Inc., foot 
of E. 15th St., New York. C/iicf, atid Direc- 
tor, Division of Nutrition and Physiology. (2, 
1938; 5i 1913) 

Best, Charles Herbert, M.A., M.D., D.Sc. (Lon- 
don), D.So. (Chicago), F.R.S. University of 
Toronto, Toronto, Out., Canada. Director, 
Banting and Best Department of Medical Re- 
search and Department of Physiology. (1, 1923; 
2, 1923) 

Bethcll, Frank H., M.D. 409 Lenawee Drive, 
Ann Arbor, Mich. Assistant Professor of Inter- 
nal Medicine and Assistant Director of the 
Thomas Henry Simpson Memorial Institute. 
(4, 193G) 

Bethke, Roland M., M.S., Ph.D. Ohio Agricul- 
tural Experiment Station, Wooster. In Charge 
of Nutritional Investigations. (2, 1928 ; 5, 1933) 
Beulner, R., AI.D., Ph.D. 235 N. 15th St., 
Philadelphia, Pa. Professor and Head of De- 
partment of Pharmacology, Hahnemann Medical 
College. (I, 1924 ; 3, 1924) 

Beyer, Karl H., Ph.D., M.D. Medical -Research 
.. Division, Sharp and Dohme, Inc., Glonoldcn, 
Pa. Director of Pharmacological Research. 
(1, 1942 ; 3, 1944) 

Bieter, Raymond N., M.D., Ph.D. University of 
Minnesota, Minneapolis. Professor of Phar- 
macology. (3, 1930) 

Bills, Charles E., M.A., Ph.D. Mead Johnson & 
Co,, Evansville, Ind. Director of Research. (2, 
1928 ; 5, 1935) " 

Bing, Franklin C,, Ph.D. 1135 Fullerton Ave., 

, Chicago, 111, Director, American Institute of 
Baking; Assistant Professor of Physiology, 
Northwestern University Medical School. (2, 
1931; 5, 1934) 

Bing, Richard J., M.D. The Johns Hopkins Hos- 
pital, Dept, of Aledicine, Baltimore, Md. In- 
structor in Medicine, Associate Physician to the 
.Johns Hopkins Hospital. (I, 1942) 

Binger, Carl A., M.D. 125 E. 73rd St., New York 
City. Assistant Professor of Clinical Medicine 
[Psychiatry), Cornell University M edical College. 
(1, 1927) 

Binkley, Stephen Bennett, M.S., Ph.D. Research 
Department, Parke, Davis & Co., Detroit, 
Mich. (2, 1941) 

Bishey, Bertha, A.M., Ph.D. Gwynn Hall, 
University of Missouri, Columbia. Professor of 
Rome Economics. (5, 1933) 

Bischoir, Fritz E., M.S., Ph.D. Cottage Hospital, 
Santa Barbara, Calif. Director of Research. 
(2, 1928 ; 5. 1933) 

Bishop, George H., Ph.D. Washington Univer- 
sity Medical School, Euclid and Kingshighway, 


St. Louis, Mo. Professor of Bio-Physics. (1, 
1923) 

Biskind, Gerson R., M.D. Mt. Zion Hospital, 
San Francisco, Calif. Pathologist, Mt. Zion 
Hospital; Clinical Instructor in Pathology, 
University of California Medical School. (4, 
1944) 

Black, Edgar C., Ph.D.* Dept, of Physiology, 
Dalliousic Univ., H.alifa.x, Nova Scotia, Canada. 
(1, 1943) 

Blair, Edgar A., M.S,, Ph.D. U. S. Army, General 
Section T.I.S., Fort Bcnning, Ga. Lt. Col. (I, 
1930) 

Blair, Henry A., M.Sc., Ph.D. University of 
Rochester School of Medicine and Dentistry,. 
Rccliestcr, N. Y. Associate Professor of Physi- 
ology. (1, 1934) 

Blake, Francis G., M.D., M.A. (hon.), So.D. 
Yale University School of Medicine, New Haven, 
Conn. Dean and Sterling Professor of Medicine. 
(4, prior to 1020; C, 1921) 

Blankenhorn, M. A., M.D. University of Cin- 
cinnati, Cincinnati, 0. Professor of Medicine. 
(4, 1932) 

Blathcrwick, Norman B., M.S., Ph.D., So.D, 
Metropolitan Life Ins. Co., 1 Madison Ave., 
Now York City. Director of Biochemical 
Laboratory. (1, 1915; 2, 1916; 5, 1934) 

Blan, Nathan f ., Ph.D. American Ferment Com-, 
pany, 942 Prospect St., Trenton, N. J. Chief 
Chemist. (2, 1028) 

Biish, Morris J., M..A., Ph.D. Amino Products 
Company, Rossford, 0. Research Director, Divi- 
sion of International Minerals and Chemical 
Corp. (2, 1944) 

Bliss, Chester Ittner, Ph.D. Conn. Agr. E.xpt. 
Sta., P. O. Box 1106, New Haven. Biometrician, 
Lecturer in Biometry, Yale University. (3, 
1944) 

Bliss, Eleanor A., So.D. Department of Preven- 
tive Aledicine, Johns Hopkins Hospital, 615 
N. Wolfe St., Baltimore, Md. Associate in 
Preventive Medicine, Johns Hopkins University, 
School of Medicine. (G, 1931) 

Bliss, Sidney, Ph.D. Tulane University, New 
Orleans, La. Professor of Biochemistry, School 
of Medicine. (2, 1928) 

Bloch, Konrad, Ph.D. 630 W. IGSth St., New York, 
N. Y. Instructor in Biochemistry, Columbia 
University. (2, 1944) 

Block, Richard J., Ph.D. 15 Cooper Rd., Scarsdale, 
N. Y. Director of Research, C. M. Armstrong 
Co.; Associate, Department of Physiology and 
Biochemistry, New York Medical College, Flower 
and Fifth Avenue Hospital. (2, 1934 ; 5, 1933) 

Block, Walter D., AI.S., Ph.D. University Hos- 
pital, Ann Arbor, Mich. Instructor in Biologi- 
cal Chemistry, Rackham Arthritis Research 
Unit. (2, 1942) 
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Bloom, William, M.D. 1419 E. 56th St., Chicago, 
III. Professor of Anatomy, University of Chi- 
cago. (4, 1930) 

[Bloomfield, A. L., M.D. Stanford University 
Hospital, San Francisco, Calif. Professor of 
Medicine. (3, 1927 ; 4, 1927) 

Bloor, W, R., A,M., Ph.D. School of Medicine 
and Dentistry, University of Rochester, Roch- 
ester, N. Y. Professor of Biochemistry. (1, 
1915; 2, 1910) 

Blum, Harold F., Ph.D. Naval Medical Research 
Institute, National Naval Medical Center, 
Bethesda,Md. Principal Biologist {Biophysics). 
(1, 1928) 

Blumberg, Harold, D.Sc. The Johns Hopkins 
University, Baltimore, Md. Research Bio- 
chemist. (5, 1942) 

Blumenstock, Julius, M.D. 530 Larkin St., San 
Francisco, Calif. Captain, Medical Corps. (1, 
1925) 

Blumgart, Herrmann L., M.D. Beth Israel Hos- 
pital, 330 Brookline Ave., Boston, Mass. Asso- 
ciate Professor of Medicine, Harvard Medical 
School; Li. Col., M.C., Hdqtrs., 2nd Service 
Command, Governor’s Island, N. Y. (1, 1927) 
Blunt, Katharine, Ph.D., LL.D. 38 Glenwood 
Ave., New London, Conn. President Emeritus, 
Connecticut College for Women. (2, 1921) 

Bock, Joseph C., Ch.E., Ph.D. 2324 N. 46th St., 
Mihvaukee, Wis. Professor Emeritus of Bio- 
chemistry, Marquette University Medical School. 
(2, 1916) 

Bodansky, Aaron, Ph.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Biological Chemist. (2, 1920) 

Bodansky, Oscar, M.D., Ph.D. Medical Research 
Laboratory, Edgewood Arsenal, Md. Major, 
Medical Corps; Chief, Biochemistry Section, 
Medical Research Laboratory, Medical Division, 
Chemical Warfare Service. (2, 1937; 3, 1942) 
Bodine, Joseph Hall, Ph.D. State University of 
Iowa, Iowa City. Professor and Head of De- 
partment of Zoology. (1, 1925) 

Boell, Edgar J., Ph.D. Osborn Zoological Labora- 
tory, Yale University, New Haven, Conn. 
Associate Professor of Biology. (1, 1942) 
Bogert, L. Jean, Ph.D. Hotel Claremont, Berkeley 
Calif. (2, 1917) 

Bogert, Marston Taylor, Sc.D., LL.D., R.N.D. 
Columbia University, New York 27, N. Y. Pro- 
fessor Emeritus of Organic Chemistry; Member. 
National Academy of Sciences. (2, 1925) 
Bolliger, Adolph, Ph.D. Gordon Craig Research 
' Laboratories, University of Sydney, Sydney, 
Australia. Director of Research. (2, 1928) 
Bollman, J. L., M.D. Mayo Clinic, Rochester, 
Minn. Associate in Division of Experimental 
Surgery and Pathology, Mayo Clinic; Professor 


of Physiology, Mayo Foundation, University of 
Minnesota, (4, 1927) 

Bond, Glenn C., Ph.D., M.D. The Upjohn Co., 
Research Laboratories, Kalamazoo, Mich. (S, 
1939) 

Booher, Lela E., Ph.D. General Mills, Inc., Min- 
neapolis, Minn. Chief Nutritionist. (2, 1933; 
5, 1933) 

Bookman, Samuel, M.A., Ph.D. 024 Madison 
Ave., New York City. Consulting Chemist, Mt. 
Sinai Hospital. (2, 1912) 

Boor, Alden IC., M.S., Ph.D. Department of Medi- 
cine, University of Chicago, Chicago, 111. As.s!sl- 
ant Professor of Biochemistry. (2, 1931) 

Boothby, W, M., M.D., M.A., F.A.C.S. Metab- 
olism Laboratory, The Mayo Clinic, Rochester, 
Minn. Chief of Section of Clinical Metabolism 
in Division of Medicine, Mayo Clinic; Professor 
of Experimental Metabolism, Mayo Foundation, 
University of Minnesota; Chairman, Mayo 
Aero-Medical Unit; Member Subcommittee on 
Oxygen and Anoxia, N.R.C., O.S.R.D. (I, 
1915 ; 2, 1920 ; 3, 1923 ; 4, 1924) 

Bordley, James, III, M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Medicine, Johns Hopkins University. (1,1938) 

Borsook, Henry, M.D., Ph.D. California Insti- 
tute of Technolog}’, Pasadena 4. Professor of 
Biochemistry. (2, 1931) 

Bosworth,^ Alfred Willson, A.M., M.D. R. D- li 
Circleville, 0. Consulting Chemist. (2, 1936; 
5, 1935) 

Bolt, Phyllis A., M.S., Ph.D. Woman’s Medical 
College of Pennsylvania, East Falls, Philadel- 
phia. Associate Professor of Physiological 
Chemistry. (2, 1938) 

Bouman, H. D., M.D.* Northwestern Uniy. Med. 
School, 303 E. Chicago Ave., Chicago, ID. As- 
sistant Professor of Physical Medicine and Physi- 
ology. (1, 1943) 

Bourne, Wesley, M.D., C.M., M.Sc., F.R.C.P-i 
D.A. (R.C.P. & S., Eng.).. McGill University, 
Montreal, Canada. Lecturer in Anesthetics, 
Dept, of Pharmacology and Therapeutics. (3, 
1936) 

Bourquin, Helen, M.S., Ph.D. 1331 N. Tejon St., 
Colorado Springs, Colo. (1, 1925) 

Bowman, Donald E., A.M., Ph.D. 6950 Warwick 
Rd., Indianapolis, Ind. Assistant Professor of 
Biochemistry, Indiana University, School of 
Medicine. (2, 1944) ^ 

Boyd, Eldon M., M.A., M.D., C.M. Queen’s 
University, Kingston, Ontario, Canada. 
fessor and Head of the Department of P ar- 
macology. (3, 1941) 

Boyd, T. E., Ph.D. 706 S. Lincoln St., Chicago, 
111. Professor of Physiology, Loyola University, 
School of Medicine. (1, 1924) 
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Boyd, William C., A.M., Pli.B. Boston Univer- 
sity School of Medicine, SO E. Concord St., 
Boston, Mass. Associate Professor of Bio- 
chemistry. (2, 1910, • G, 1933) 

Boyden, Edward A., A.M., Ph.D. University of 
Minnesot.a, Minnc.apolis. Professor of Anatomy 
anil Chairman of the Department. (1, 1929) 

Boyer, Paul D., M.S., Ph.D. Department of Chem- 
istry, Stanford University, Calif. Research A.sso- 
ciaic. (2, 19«) 

Boyle, Paul E., D.M.D. School of Dentistry, 
University of Pennsylvania, dOth and Spruce 
Sts., Philtidclphia. (4, 1939) 

Boiler, Emil, Ph.D. Ohio State University, 
Columbus. Associate Professor of Physiology. 
(1, 1932) 

Bradbury, James T., ^I.S., ScD. Dept, of Obstet- 
rics and Gynecology, University Hospitals, Iowa 
City. Assistant Professor of Obstetrics and Gyne- 
cology (1, 1941) 

Bradley, Harold C., Ph.D. Shorewood Hills, Madi- 
son, Wis. Professor of Physiological Chemis- 
try, Vnirersily of IPisconsin. {1, 1911 ; 2, 19(^) 
Bradley, William B., Ph.D. 3G4G Lafayette Ave., 
Oni.iha, Xcb. Captain, .1 . C., Chatham Field, Ga- 
il. 1939) 

Branch, Charles F., AI.D. Boston University 
School of Medicine, 80 E. Concord St., Boston, 
Mass. Professor of Pathology. (4, 1940) 

Branch, E. Arnold G., M.D, Bureau of Laborato- 
ries, General Hospit.al, St. John, X. B. Acting 
Director, Bureau of Laboratories, New Bricns- 
viick Department of Health. (4, 1929) 

Brand, Erwin, Ph.D. 630 W, 168th St., New 
York Cit}'. Associate Professor of Biological 
Chemistry, Columbia University. (2, 1929) 
Brandes, W. W., M.D. Roosevelt Hospital, W. 

59lh St., New Y"ork City. (4. 1931 ) 

Branham, Sara E., Ph.D., M.D., Sc.D. National 
Institute of Health, Bethosda, Md. Senior 
Bacteriologist. (6, 1926) 

Branion, Hugh Douglas, M.A., Ph.D. SO James 
St., Guelph, Canada. (5, 1933) 

Brassfield, Charles R., Ph.D. University of 
Michigan, Ann Arbor. Assistant Professor of 
Physiology. (1, 1937) 

Bratton, Andrew Calvin, Jr., M.A., Ph.D. Johns 
•Hopkins School of Medicine, Baltimore, Md. 
Associate in Pharmacology. (3, 1941) 

Braun, Herbert A., 'Ph.D. Food & Drug Adminis- 
tration, Federal Security .'Agency, Washington, 
U. 0. Associate Pharmacologist. (3,1941) 
Brewer, George, M.D. University of Pennsyl- 
vania, School of Medicine, Philadelphia. Asstst- 
Qnt Professor of Physiology. (1, 1937) 

Bridge, Edward M., M.D. 219 Bryant St., Buffalo, 
I'- Research Professor of Pediatries. (2, 
1940) 


Briggs, A, P., M.D.' University of Georgia, 
Augusta. Associate Professor in Biochemistry 
and Medicine. (2,1923). , 

Brink, Frank, Jr., Pli.D. Johnson Rese.arch 
Foundation, University of Pennsylvania, PJn'Ia- 
delphiii.. Fellotii in Medical Physics, Johnson 
Research Foundation; Lecturer in Biophysics, 
Graduate School, University of Pennsylvania. 
(I. 1942) 

Brinkhous, K. M., M.D. State University of 
Iowa, Department of Pathology, Medical Labora- 
tories Building, Iowa City. Assistant Professor 
of Pathology. (4, 1939) 

Britton, Sydney W., M.D. University of Vir- 
ginia Scliool of Medicine, University. Professor 
of Physiology. (1, 1925) 

Brobcck, John R., M.D,, Ph.D.* Y^aie University 
Scliool of Medicine, New Haven, Conn. Instruc- 
tor, Laboratory of Physiology. (1, 1943) 

Brodic, Bernard B., Ph.D. N. Y. University Rc- 
scarcii Service, Goldwater Memorial Hospital, 
New York City. Research Associate in Biochem- 
istry and Assistant Professor of Pharmacology, 
New York University Medical College. (2, 1940) 
Brody, Samuel, M.A., Ph.D. Dairy Building, 
University of Missouri, Columbia. Associate 
Professor, College of Agriculture and Agricul- 
tural Experiment Station. (2, 1929; 5, 1933) 
Bronfenbrenner, 3. 3., Ph.D., D.P.H. Wash- 
ington University School of Medicine, St. Louis, 
Mo, Professor of Bacteriology and Immunology. 
(4, 1940; G, 1918) 

Bronk, Detlev W., M.S., Ph.D., Sc.D. The El- 
dridge Reeves Johnson Foundation, for Medical 
Physics, University of Pennsylvania, I^hiladel- 
phia. Johnson Professor of Biophysics and 
Director, Johnson Foundation; Member National 
Academy of Sciences. (1, 1927) 

Brookes, Margaret C. Hessler, A.M., Ph.D. 
University of Chicago, Chicago, 111. Assistant 
Professor, Department of Home Economics. 
(5, 1935) 

Brooks, Chandler McCuskey, M.A,, Ph.D. Johns 
Hopkins University School of Medicine, Balti- 
more, Md, Associate Professor of Physiology. 
(1. 1934) 

Brooks, Clyde, Ph.D., M.D., LL.D. Louisiana 
State Univ. Medical Center, New Orleans. 
Professor of Physiology and Pharmacology. 
(1, 1910; 3, 1912) 

Brooks, Matilda Moldenhauer, M.S., Ph.D. 
Department of Zoology, University of Cali- 
fornia, Berkeley. Research Associate in 
Biology. (1, 1923) 

Brooks, Sumner Cushing, Ph.D. .University of 
California, Berkeley. Professor' of Zoology. 
(1, 1923) 

Broun, Goronwy Owen, M.D. 1325 S. Grand 
Blvd., St. Louis, Mo. Professor' of Internal 
Medicine, Si. Louis University. (4, 1927) 
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Brown, Aaron, M.D. 39 West 55th St., New York 
•City. Assistant Clinical Professor of Medicine, 
iNew York University College of Medicine. 
(6, 1923) 

Brown, Claude P., M.D. 1930 Chestnut St., 
Philadelphia, Pa. Assistant Director, Pennsyl- 
vania State Board of Health Laboratories. 
(6, 1913) 

Brown, Dugald E. S., M.A., Ph.D. New York 
University College of Dentistry, 209 E. 23rd St., 
New York City. Professor of Physiology. 
(1, 1932) 

Brown, Edgar D., Pharm.D., M.D. Paynesville, 
Minn. Associate Professor of Pharmacology 
Emeritus. (1, 1907 ; 3, 1909) 

Brown, Frank A., Jr., M.A., Ph.D. Zoological 
Laboratories, Northwestern University, Evan- 
ston, 111. Associate Professor of Zoology. 
(1, 1940) 

Brown, John B., M.S., Ph.D. Ohio State Uni- 
versity, Columbus. Professor of Physiological 
Chemistry. (2, 1927 ; 5, 1934) 

Brown, Rachel, M.S., Ph.D. 26 Buckingliam 
Drive, Albany, N. Y. Senior Biochemist, 
Division of Laboratories and Research, New York 
State Department of Health. (6, 1933) 

Browne, J. S. L., M.D., Ph.D., F.R.S.C. Univer- 
sity Clinic, Royal Victoria Hospital, Montreal, 
Canada. Assistant Professor of Medicine, Mc- 
Gill University. (1, 1934) 

Brownell, Katharine A., M.A., Ph.D.* Department 
of Physiology, Ohio State University, Columbus. 
Research Associate. (I, 1943) 

Brues, Austin M., M.D, Metallurgical Laboratory, 
University of Chicago, Chicago 80, III. Assistant 
Professor of Medicine, Harvard Medical School; 
Assistant Physician, Mass. General Hospital. 
(1, 1940) 

Bruger, Maurice, M.D., C.M., M.Sc. 245 E. 
17th St., New York 3, N. Y, Associate Clinical 
Professor of Medicine, New York Post-Graduate 
Medical School of Columbia University; Chief, 
Division of Pathological Chemistry, New York 
Post-Graduate Hospital. (2, 1935; 5, 1935) 
Bruhn, John M., Ph.D. University' of Alabama 
School of Medicine, University. Professor of 
Physiology and Pharmacology. (1, 1939), 
Brunschwig, Alexander, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(4, 1937) 

Bryan, W. Ray, Ph.D. 5516 Johnson Ave., 
Bethesda, Md. Biologist, National Cancer 
' Institute. (1, 1934; 4, 1940) 

Buchanan, J. William, Ph.D. Northwestern 
University, Evanston, 111. Professor of Zoology. 
(1, 1927) 

Buchbinder, Leon, Ph.D. Department of Health, 
125 Worth St., New A^ork City. (6, 1934) 


Buchbinder, William C., M.S., M.D, 104 S. 
Michigan Ave,, Chicago, 111, Assistant Pro- 
fessor of Medicine, Northwestern University 
Medical School; Associate in Medicine, Michael 
Reese Hospital. (1, 1940) 

Buckner, G. Davis, Ph.D. Kentucky Agricul- 
tural Experiment Station, Lexington, h 
Charge of Animal Nutrition. (2, 1920) 

Bucy, Paul C,, M.S., M.D. 25 E. Washington St., 
Chicago, III. Professor of Neurology and Neuro- 
logical Surgery, University of Illinois. (1, 1933) 
Buddingh, G. John, M.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Bacteriology. (4, 1940) 

Buell, Mary 'Van Rensselaer, Ph.D. Johns Hop- 
kins Hospital, Baltimore, Md. Associate in 
Medicine. (2, 1921) 

Bugbee, Edwin P., M.D. Lankenau Hospital, 
Philadelphia, Pa. .Assistant Roentgenologist. 
(1, 1928) 

Bugher, John C., M.D. c/o Rockefeller Founda- 
tion, 49 W. 49th St., New York City. (4, 1934) 
Bukantz, Samuel C., M.D. 8712 Colesville Rd., 
Silver Spring, Md. Chief, Division of Virus and 
Rickettsial Diseases, Army Medical \ School, 
Washington, D. C. (6, 1943) 

Bulatao, Emilio, M.D. University of the Philip- 
pines, Manila, P.I. Professor of Physiology. 
(1, 1924) 

Bulger, Harold A., Ph.D ., M.D . Barnes Hospital, 
600 S. Kingshighway, St, Louis, Mo. Assistant 
Professor of Medicine, Washington University. 
(5, 1933) 

Bull, Henry B., Ph.D. Northwestern University 
Medical School, 303 E. Chicago Ave., Chicago, 
111. Associate Professor, Department of Chem- 
istry. (2, 1937) 

Bunde, Carl A., M.A., Ph.D.* Southwestern Medi- 
cal Foundation, Dallas, Texas. Associate Profes- 
sor of Physiology and Pharmacology. (L 
Bunney, William E., Ph.D. E. R. Squibb & Sons, 
New Brunswick, N. J. Director of Biologic 
Products Production. (6, 1931) 

Bunting, Charles H., M.D. Service Memorial 
Institute, Madison, Wis. Professor of Pal - 
ology, University of Wisconsin. (4, 1913) 
Bunzell, H. H., Ph.D. Box '44, General Post 
Office, New York 1, N. Y. Director, Bunze 
Laboratories. (2, 1908) 

Burchell, Howard B., M.D., Ph.D. 799 3rd St., 
S.W., Rochester, Minn. Instructor in Medicine, 

Mayo Foundation, Graduate School, University 

of Minnesota; Consultant in Medicine, Mayo 
Clinic, Rochester, Minn. (1, 1942) , 

Burdick, H. O., M.A., Sc.D. (hon.). Alfred Uni- 
versity, Alfred, N. Y. Professor of Biology- 
(U 1940) 

Burdon, Kenneth L., Sc.M., Ph.D. Baylor Imiv 
sity College of Medicine, Houston, exas. 
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Professor of Bacteriology; Consultajit, United 

’ Slates Public Health Service. (6, 193G) 

■ Burge, W. E., A.M., Ph.D. University of Illinois, 

Urbans. Associate Professor of Physiology. 

■ (1, 1911) 

: Burk, Dean, Ph.D. Nntion.al Cancer Institute, 
U. S. Public Health Service, Bethesda, Md. 
Senior Chemist. (2, 1939) 

Burky, Earl L., M.S., M.D. Johns Hopkins Hos- 
pital, Raltimore, Md. Associate Professor of 
Ophthalmology, Wilmcr Institute of Ophthal- 
mology, Johns Hopkins University. (G, 1931) 
Burnett, Theo. C., M.D. Box 216, Carmel, Calif. 
Associate Professor of Physiology Emeritus, 
University of California. (1, 1911) 

Burns, Edward L., M.D. Louisiana State Uni- 
versity, School of Medicine, New Orleans. 
Associate Professor of Pathology and Bacteriol- 
ogy. (4, 1939) 

Burr, George O., M.A., Ph.D., LL.D. University 
of Minnesota, Minneapolis. Director Division 
of Physiological Chemistry. (2, 1928; 5, 1933) 
Burrlll, Marie Weeker, Ph.D. *542 J Surf St., Chi- 
cago, 111. Instructor in Physiology, Northwestern 
University Medical School. (1, 1944) 

Burrows, Montrose T., M.D. 201 N. El Molino 
Ave., Pasadena, Calif. (4, prior to 1920) 

. Burton, Alan C,, Ph.D. Banting Institute, To- 
ronto, Canada. (1, 1937) 

Burton-Opitz, Russell, M.S., M.D., Ph.D. 218 
Bridle Way, Palisade, N. J. Attending Cardiol- 
ogist, Lenox Hill Hospital; Attending Physician, 
- Cumberland Hospital; Consulting Cardiologist, 
Engelwood, North Hudson, Holy Name and 
Hackensack Hospitals. (1, 1902; 2, 1906; 3, 
1919) 

Bush, Milton T., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Research 
Associate in Pharmacology. (3, 1938) 

Butler, Thomas C., M.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Assistant 
Professor of Pharmacology. (3, 1938) 

Butt, Hugh R., M.D. U. S. Naval Hospital, 
Corona, CaUf. (5, 1942) 

Butts, Joseph S., M.S., Ph.D. Personal Equipment 
Laboratory, Wright Field, Dayton, O. Major, 
A.U.S., Chief, Survival Unit. (2, 1936 ; 5, 1936) 
Butz, Eleanor W. J., Ph.D. Beltsville, Md. Col- 
laborator, Div. Animal Husbandry, U. S. D. A., 
Beltsville Research Center. (6, 1935) 

Cahill, William M., Ph.D. Wayne University 
-College of Medicine, Detroit, Mich. Assistant 
Professor of Physiological Chemistry. (2, 1940) 
Cajori, Florian A., Ph.D. School of Military Gov- 
ernment, Charlottesville, Va. Major, Sanitary 
Corps, A.U.S. (2, 1922 ; 5, 1933 ) 

Caldwell, Mary L., A.M., Ph.D. Department of 
Chemistry, Columbia University, New York 


City. Associate Professor of Chemistry. (2, 1924 ; 
5, 1933) 

Calvcry, Herbert O., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chief, Division of Pharmacol- 
ogy. (2, 1928; 3, 1939) 

Calvin, D. Bailey, M.A., Ph.D. School of Medi- 
cine, University of Texas, Galveston. Asso- 
ciate Professor, Biological Chemistry; Associate 
Dean, School of Medicine. (I, 1934 ; 2, 1939) 

Cameron, A. T., M.A., D.Sc., F.I.C., F.R.S.C. 
Medical College, Winnipeg, Manitoba, Canada. 
Professor of Biochemistry, Faculty of Medicine, 
University of Manitoba; Biochemist, Winnipeg 
General Hospital. (1, 1914; 2, 1914) 

Camp, Walter J. R., M.D., Ph.D. 1853 Polk St., 
Chicago, 111. Professor of Pharmacology and 
Therapeutics, University of Illinois. (3, 1926) 

Campbell, Dan H., M.S., Ph.D, Department of 
Chemistry, California Institute of Technology, 
Pasadena, Calif. Assistant Professor of Immun- 
ochemistry. (G, 1938) 

Campbell, H. Louise, Ph.D. 435 W. 119th St., 
Apt. 9-F, New York City. Research Assistant 
in Food Chemistry, Columbia University. (5, 
1933) 

Campbell, James, M.A , Ph.D.* University of 
Toronto, Toronto, Ontario, Canada. Assistant 
Professor of Physiology. Lieutenant Commander, 
(S.B.) R.C.N.V.R. (1, 1943) 

Campbell, Waller Ruggles, M.A., M.D., F.R.C.P. 
(C), F.R.S.C. 69 Madison Ave., Toronto, Can- 
ada. Assistant Professor of Medicine and Clinical 
Medicine, University of Toronto; Assistant 
Physician, Toronto General Hospital. (2, 1922) 

Cannan, R. Keith, D.Sc. 477 First Ave., New 
York City. Professor of Chemistry, New York 
University College of Medicine. (2, 1931) 

Cannon, Paul R., M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Pathology. 
(4, 1930; G, 1929) 

Canmm, Walter B., A.M., M.D., Sc.D., LL.D. 
Harvard Medical School, Boston, Mass. George 
Higginson Professor of Physiology, Harvard 
University; Member of the National Academy of 
Sciences. (1, 1900) 

Cantarow, Abraham, M.D. Jefferson Medical 
College, Philadelphia, Pa. Associate Professor 
of Medicine; Biochemist to the Jefferson Hospital. 
(1, 1932; 3, 1935) 

Canzanelli, Atlilio, M.D. Tufts College Medical 
School, 416 Huntington Ave., Boston, Mass. 

' Associale Professor in the Department of 
Physiology. (1, 1934) 

Carlson, A. J., A.M., Ph.D., M.D., LL.D. Hull 
Physiological Laboratory, University of Chicago, 
Chicago, 111. Professor of Physiology Emeritus;. 
Member of the National Academy of Sciences. 
(1. 1904 ; 5, 1933) 


312 


FEDERATION PROCEEDINGS 


Carmichael, Emmett B., Ph.D. School of Medi- 
cine, University of Alabama, University. Pro- 
fessor of Physiological Chemistry. (1, 1931) 
Carmichael, Leonard, Ph.D., Sc.D., Litt.D., 
LL.D. Tufts College, Medford, Mass. Di- 
rector, the Tufts College Research Laboratory of 
Sensory Psychology and Physiology and Presi- 
dent of the College. (1, 1937) 

Carpenter, Thorne M., Ph.D. 29 Blackfan St., 
Boston, 15, Mass. Director, Nutrition Laboratory 
of the Carnegie Institution of Washington. (1, 
1915; 2, 1909; 5, 1935) 

Carr, C. Jelleff, Ph.D. School of Medicine, Uni- 
versity of Maryland, Baltimore. Associate 
Professor of Pharmacology. (3, 1940) 

Carr, Jesse L., M.D. University of California 
Medical School, Third and Parnassus Aves., 
San Francisco. Assistant Professor of Pathol- 
ogy. (4, 1940) 

Carter, Jlerbert E., M.A., Ph.D. 452 Noyes Lab- 
oratory, Urbana, 111. Associate Professor of Bio- 
chemistry, University of Illinois. (2, 1937; 5, 
1941) 

Cartland, George F., M.S., Ph.D. The Upjohn 
Co., Research Department, Kalamazoo, Mich. 
Biochemist and Pharmacologist. (2, 1936) 
Cary, Charles A., S.B. Dairy Research Labora- 
tory, Beltsville, Md. Chief, Division of Nutri- 
tion and Physiology, Bureau of Dairy Industry, 
U. S. Department of Agricidture. (2, 1920) 
Casey, Albert Eugene, M.D. Jefferson and Bap. 
tist Hospitals, Birmingham, Ala. Pathologist. 
(4, 1933) 

Cash, James Robert, M.D. University Hospital, 
Charlottesville, Va. Professor of Pathology, 
University of Virginia. (4, 1924) 

Castle, Edward S., M.A., Ph.D. Biological Lab- 
oratories, Harvard University, Divinity Ave., 
Cambridge, Mass. Assistant Professor of Gen- 
eral Physiology. (1, 1934) 

Castle, William B., M.D., S.M. (Hon. Yale), 
M.D. (Hon. Utrecht). Boston City Hospital, 
Boston, Mass. Professor of Medicine, Harvard 
Medical School; Associate Director, Thorndike 
Memorial Laboratory and Director, II and IV 
Medical Services {Harvard), Boston City Hos- 
pital. (4, 1942) 

Catchpole, Hubert Ralph, Ph.D. National Naval 
Medical Center, Bethesda, Md. Ensign, USNR; 
Research Assistant in Physiology {Assistant 
Professor), Yale University Medical School. 
(1, 1941) 

Cathcart, E. P., M.D., D.Sc., LL.D. University 
of Glasgow, Glasgow, Scotland. Dean of Uni- 
versity. (5, 1935) 

Catron, Lloyd, M.D. The City Hospital, Akron, 
0. Pathologist. (4, 1939) 

Cattell, McKeen, A.M., Ph.D., M.D. Cornell 
University Medical College, 1300 York Ave., 


New York City. Professor of Pharmacology. 
1, 1923; 3, 1924) 

Cerecedo, Leopold R., Ph.D. Fordham Univer- 
sity, New York City. Professor of Biochemis- 
try. (2, 1931) 

Chadwick, Leigh Edward, Ph.D.* University of 
Rochester School of Medicine and Dentistry, 260 
Crittenden Blvd., Rochester, N. Y. Instructor 
in Physiology. ' (1, 1944) 

Chaikoff, I. L., A.M., Ph.D., M.D. University of 
California, Berkeley. Assistant Professor of. 
Physiology. (1, 1932) 

Chalkley, Harold W., A.M., Ph.D. U. S. Public 
Health Service, National Institute of Health, 
Bethesda, Md. Senior Physiologist. (1, 1932) 
Chambers, Leslie Addison, M.S., Ph.D. Johnson 
Foundation for Medical Physics, University of 
Pennsylvania, Philadelphia. Lecturer in Bio- 
physics; Associate in Medical Physics; Associate 
in Pediatrics. (1, 1940) 

Chambers, Robert, A.M., Ph.D. New York Uni- 
versity, Washington Square East, New York 
City. Research Professor of Biology. (1, 1932) 
Chambers, William H., M.S., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Associate Professor of Physiol- 
ogy. Major, Sn.C. A US (1, 1924; 5, 1933) 
Chandler, Caroline A., M.D. National Institute of 
Health, Bethesda, Md. (6, 1938) 

Chandler, Joseph P., M.S., Ph;D. Cornell Univer- 
sity Medical College, 1300 York Ave., New York 
City. Assistant Professor of Biochemistry. 
(2, 1944; 5, 1944) 

Chanutin, Alfred, Ph.D. Box 1038 (University 
Station), Charlottesville, Va. Professor of Bio- 
chemistry, University of Virginia. (2, 1925) 
Chapman, C. W., M.Sc., Ph.D. University of 
Maryland, Baltimore. Professor of Pharma- 
cology. (3, 1932) 

ChargalT, Erwin, Ph.D. Columbia University, 
College of Physicians and Surgeons, 630 W. 
168th St., New York City. Assistant Professor 
of Biological Chemistry. (2, 1935) 

Charipper, Harry Adolph, M.S., Ph.D. Washr 
ington Square College of Arts and Sciences, 100 
Washington Square East, New York City. Pro- 
fessor of Biology and Chairman of the Depart- 
ment. (1, 1941) 

Chase, Aurin M., A.M., Ph.D. Department of 
Biology, Princeton University, Princeton, N. J. 
Research Associate. (1, 1939) 

Chase, Harold F., M.D. Western Reserve Uni- 
versity School of Medicine, Cleveland, 0. 
Assistant Professor of Pharmacology. (3, 1944) 
Chase, Merrill W., M.S., Ph.D. Rockefeller 
Institute, 66th St. ,and York Ave., New York- 
City. Member of Staff. - (6, 1938) 

Chasis, Herbert, ,M.D., Med. Sc.D. 44 E. 67th 
St., New York City. Assistant Professor of 
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Mcdkine, New York Viiivcrsily, College of 
Medicine. (1, 1941) 

Chatfiold, Charlotte, B.S. U. S. Dept, of Agri- 
culture, AVashingtoii, D. C. In Charge, Food 
Comjmilion Section, Bureau of Home Eco- 
nomies. (5, 1941) 

Chen, Graham, Sc.D., M.D. Dept, of Pharmacol- 
ogy, University of Chicago, Chicago, 111. Research 
Associalc {Assistant Prof.). (3, 1944) 

Chen, K. K., Ph.D., M.D. The Lilly Research 
Laboratories, Indianapolis, Ind. Director of 
Pharmacological Research; Professor of Phar- 
macology, Indiana University School of Medicine, 
Indianapolis. (1, 1929; 3, 1942) 

Cheney, Ralph H., A.M., M.S., Sc.D. Long Island 
University, 600 L.afayotte Ave., Brooklyn, N. Y. 
Chairman, Biology Department. (3, 1934) 
Chesney, Alan M., M.D. The Johns Hopkins 
Hospital, Baltimore, Md. Dean, Johns Hop- 
kins Medical School; Associate Professor of 
Medicine. (4, 1925) 

Child, CharlesManning, Ph.D., D.Sc. (hon.). Jor- 
don Hall, Stanford University, Calif. Member, 
National Academy of Sciences; Professor Emeri- 
tus, University of Chicago. (1, 1923) 

Chow, Bacon, Ph.D. Squibb Institute for Medi- 
cal Research, New Brunswick, N. J. Assoetatc 
in the Division of Pharmacology. (2, 1940) 
Christensen, L. Royal, Ph.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Medical Fellow, National Research 
Council. (6, 1942) 

Christian, Henry A., M.D. 20 Chapel St., Brook- 
line, hlass. Hersey Professor of the Theory and 
Practice of Physic, Emeritus, Harvard Univer- 
sity, recalled to active teaching; Clinical Professor 
of Medicine, Tufts College Medical School; 
Physician-in-Chief, Emeritus, Peter Beni Brig- 
ham Hospital, Boston; Visiting Physician, Beth 
Israel Hospital, Boston. (4, 1924) 

Christman, Adam A„ Ph.D. University of Michi- 
gan Medical School, Ann Arbor. Associate 
. Professor of Physiological Chemistry. (2, 1929) 
Clark, Ada R., AI.A., Ph.D. College of Physicians 
and Surgeons, 630 W. 16Sth St., New York City. 
Instructor in Bacteriology. (6, 1936) 

Clark, Byron B., M.S., Ph.D. Albany Medical 
College, Albany, N, Y. Associate Professor of 
Physiology and Pharmacology. (3, 1940) 

Clark, Eliot R., M.D. University of Pennsyl- 
vania, Philadelphia. Professor and Head of 
Department of Anatomy. (I, 1919) 

Clark, Ernest D., A.M., Ph.D. 826 Skinner Bldg., 
Seattle 1, Wash. Director of the Laboratories, 
Northwest Branch, National Canners’ Associa- 
tion. (2, 1912) 

Clark, George, Ph.D,* Y'erkes Laboratory of 
Primate Biology, Orange Park, Fla. Assistant 
Professor of Psychobiology. (1, 1943) 


Clnrk, Guy W., A.M., Ph.D. c/o Ledcrie Labora- 
tories, Inc., Pearl River, N. Y. Technical 
Director. (2, 1922) 

Clark, Janet Howell, A.M., Ph.D. Anderson 
Hall, University of Rochester, Rochester, N. Y". 
Dean of the College for Women and Professor in 
. the Division of Biological Sciences. (1, 1922) 
Clark, Paul F., Ph.D. University of Wisconsin 
Medical School, Madison. Professor of Bacteri- 
ology. (4, 1923; G, 1928) 

Clark, William G., Ph.D. Department of Phys- 
iology, University of Southern California, Los 
Angeles 7. (I, 1942) 

Clark, William Mansfield, M.A,, Ph.D., D.So, 
Johns Hopkins University, Baltimore, Md, 
Professor of Physiological Chemistry; Member 
National Academy of Sciences. (2, 1920) 
Clarke, Hans Thacher, D.Sc. .(London), F.I.C. 
630 W. 16Sth St., New York City. Professor of 
Biological Chemistry, Columbia University, 
College of Physicians and Surgeons. (2, 1929) 
Clarke, Robert W., Ph.D. Yale University School 
of Medicine, 333 Cedar St., New Haven, Conn. 
Instructor in Physiology. (1, 1936) 

Clausen, Samuel Wolcott, M.D. Strong Memorial 
Hospital, Rochester, N. Y. Professor of Pediat- 
rics, School of Medicine, University of Roch- 
ester. (2, 1922) 

Cleghorn, Robert Allen, M.D,, D.So. (Aberdeen), 
Department of Medicine, University ol Toronto, 
Toronto, Ont., Canada. Junior Demonstrator 
in Medicine; Junior Assistant Attending Physi- 
cian, Toronto General Hospital. (1, 1937) 
Climenko, David Robert, M.D., Ph.D. Winthrop 
Chemical Co., 33 Riverside Ave., Rensselaer, 
N. Y. Pharmacologist; Associate in Bio- 
chemistry and Instructor in Medicine, Albany 
Medical College. (1, 1933) 

Clowes, George Henry Alexander, Ph.D., D.Sc. 
(hon.), LL.D. (hon.). Eli Lilly & Co., Indi- 
anapolis, Ind. Director of Research. (2, 1914- 
G, 1919) 

Coca, Arthur F., A.M., M.D. Pearl River, N. Y. 
Medical Director, Lederle Laboratories. (6, 
1916) 

Code, Charles F., Ph.D., M.D. Mayo Foundation, 
Rochester, Minn. Professor of Physiology. (1, 
1939) 

Coffey, Julia M., A.B. Division of Laboratories 
& Research, New York State Department of 
Health, Albany, N. Y. Associate Bacteriol- 
ogist. (G, 1937) 

Coghill, Robert D., M.S., Ph.D. Northern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Peoria, 111. Chief, Fermentation 
Division. (2, 1932) 

Cohen, Barnett, M.S.; Ph.D. Johns Hopkins 
University School of Medicine, 710 N. Wash- 
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ington St., Baltimore 5, Md. Associate Professor 
of Physiological Chemistry. (2, 1935) 

Cohen, Milton B., M.D. 10616 Euclid Ave., 
Cleveland, O. Director, The Asthma, Hay 
Fever and Allergy Foundation. (6, 1931) 

Cohen, Philip P., Ph.D., M.D. Service Memorial 
Institute, University of Wisconsin, Madison. 
Assistant Professor of Clinical Chemistry. (2, 
1941) 

Cohen, Sophia M., B.S. Division of Laboratories 
and Research, New York State Department of 
Health, Albany, N. Y. Assistant Bacteriologist. 
(6, 1938) 

Cohn, Alfred E., M.D. 300 Central Park W., 
New York City. Member, Rockefeller Institute 
for Medical Research. (1, 1911; 3, 1913) 

Cohn, Edwin J., Ph.D., A.M. (Hon.), Sc.D. 
(Hon.). 183 Brattle St., Cambridge, Mass. 
Professor of Biological Chemistry, Harvard 
Medical School, Boston; Member, National Acad- 
emy of Sciences. (1, 1919; 2, 1919) 

Cohn, Waldo E., M.S., Ph.D. 109 Marion Rd., 
Oak Ridge, Tenn. Chief Biochemist, Clinton 
Laboratories, Knoxville, Tenn. (2, 1944) 

Cole, Arthur G., Ph.D. 1853 W. Polk St., Chi- 
cago 12, 111. Assistant Professor of Physiological 
Chemistry, University of Illinois College of 
Medicine. (2, 1939) 

Cole, Harold N., M.D. 1352 Hanna Bldg., Cleve- 
land, 0. Clinical Professor of Dermatology and 
Syphilology, Western Reserve University. (3, 
1925) 

Cole, Kenneth S., Ph.D. 5618 Kimbark Ave., 
Chicago, 111. (1, 1934) 

Cole, Rufus, M.D., D.Sc. Mount Kisco, N. Y. 
Member Emeritus, Rockefeller Institute for 
Medical Research. (4, 1924; 6, 1917) 

Cole, Versa V., Ph.D., M.D. Indiana University 
School of Medicine, 1040-1232 West Michigan 
St., Indianapolis. As'^istant Professor of Phar- 
macology. (3, 1941) 

.ollett, Mary Elizabeth, A.M., Ph.D. Mather 
College, Western Reserve University, Cleve- 
land, 0. Associate Professor of Biology. (1, 
1921) 

Collier, H. Bruce, M.A., Ph.D. Dalhousie Uni- 
versity, Halifax, N. S. Associate Professor of 
Biochemistry. (2, 1944) 

Collings, William Doyne, Ph.D.* University of 
Texas School of Medicine, Galveston. Assistant 
Professor of Physiology. (1, 1944) 

Collins, Dean A., M.'A., Ph.D., M.D. University 
of Rlinois, College of Medicine, 1853 West Polk 
St., Chicago. Associate Professor of Physiology. 
(1, 1938) 

Collins, Russell J., A.M., M.D., F.R.C.P. (Can.) 
M.R.C.P. (Edin.) F.A.C.P. St. John, New 
Brunswick, Canada. Medical Superintendent 
of St. John Tuberculosis Hospital. (3, 1915) 


Collip, J. B., A.M., Ph.D., D.Sc., M.D., C.B.E. 
McGill University, Montreal, Quebec, Canada. 
Director, Research Institute of Endocrinology. 
(1, 1920; 2, 1920) 

Colowick, Sidney P., Ph.D. Dept, of Pharma- 
cology, Washington University Medical School, 
Euclid and Scott Aves., St. Louis, Mo. Instructor 
in Pharmacology. (2, 1944) 

Coman, Dale R., M.D. McManes Laboratory of 
Pathology, University of Pennsylvania School 
of Medicine, Philadelphia. Assistant Professor 
of Pathology. (4, 1939) 

Comroe, Julius H., Jr., M.D.* University of 
Pennsylvania Medical School, Philadelphia. 
Assistant Professor of Pharmacology. (1, 1943; 
3, 1939) 

Conant, James B., Ph.D. 5 University Hall, 
Cambridge, Mass. President, Harvard Uni- 
versity; Member, National Academy of Sciences. 
(2, 1932) 

Concepcion, Isabelo, M.D. College of Medicine 
and Surgery, Manila, P.I. Professor of Physi- 
ology, University of the Philippines. (1, 1919) 
Conklin, Ruth E., M.S., Ph.D. Vassar College. 
Poughkeepsie, N. Y. Professor of Physiology. 
(1, 1940) 

Conn, Jerome W., M.D. University Hospital, 
Ann Arbor, Mich. Assistant Professor of In- 
ternal Medicine and Research Associate in 
Nutrition. (5, 1942) 

Cook, Donald Hunter, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Associate Professor of Chemistry. 
(2, 1929) 

Cooke, Robert A., A.M., Sc.D. (hon.), M.D. 
60 E. 58th St., New York City. Director, De- 
partment of Allergy, Roosevelt Hospital. (6, 
1920) 

Cooley, Thomas B., M.S., M.D. 7840 Van Dyke 
PL, Detroit, Mich. Chairman of Staff, Chil- 
dren’s Hospital of Michigan, Detroit. (5, 1935) 
Coolidge, Thomas B., M.D., Ph.D. Abbot Hall, 
University of Chicago, Chicago, 111. Assbciotc 
Professor of Biochemistry. (2, 1942) 

Coon, Julius M., Ph.D. University of Chicago, 
Chicago, 111. Instructor in Pharmacology. . (3, 
1941) 

Coons, Callie Mae, Ph.D. 1200 W. 78th St., 
Los Angeles, Calif. (5, 1933) 

Cope, Otis M., M.D. New York Medical College, 
Flower and Fifth Avenue Hospitals, No. 1, E. 
105th St., New York City. Professor of Physi- 
ology and Biochemistry. (1, 1929) 

Corbin, Kendall B., M.D. University of Ten- 
nessee College of Medicine, 875 Monroe, Mem- 
phis. Professor of Anatomy. (1, 1941) 

Corcoran, Arthur Curtis, C.M., M.D. Lilly 
Laboratory for Clinical Research, Indianapolis 
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City Hospital, Indianapolis, Ind. Member of 
Staff. (1. 1910). 

Corey, Edward Lyman, Ph.D. School of Medi- 
cine, University of Virginia, University. As- 
sistant Professor of Physiology. (1, 1931) 

Cori, Cart F., M.D. Washington University 
School of jMcdicine, Kingshighway and Euclid 
Ave., St. Louis, Mo. Professor of Pharmacology 
and Biochemistry; Member, Natiojial Acadejny 
of Sciences. (2, 1925; 3, 1934) 

Cori, Gerty T., M.D. Washington University 
School of Medicine, St. Louis, Mo. Research 
Associate Professor in Pharmacology and Dio- 
^ chemistry. (2, 1927; 3, 1934) 

Corley, Ralph Conner, Ph.D. Department of 
Chemistry, Purdue University, Lafayette, Ind. 
Professor of Biochemistry. (2, 1927) 

Cornwall, Leon, M.D. 55 E. 76th St., Now York 
City. Attending Neurologist, N. F. Neurological 
Institute. (G, 1920) 

Corper, Harry J., M.D., Ph.D. 1295 Clermont 
St., Denver, Colo. Director of Research, Na- 
tional Jewish Hospital. (2, 1912) 

Corson, Samuel A., M.S., Ph.D.* Department of 
Physiology, University of Minnesota School of 
Medicine, Minneapolis. Distructor in Physiology. 
(1, 1943) 

Corwin, Warren C., M.D. Major, M.C. AUS, 
Chanute Field, Rl. (4, 1940) 

Co Tui, Frank, M.D. New York University Col- 
lege of Medicine, 477 First Ave., New York City. 
Associate Professor of Experimental Surgery. 
(3, 1931) 

Cournard, Andre Frederic, M.D.* Chest Service, 
Bellevue Hospital, CD Building, 1st Ave. at 2Sth 
. St., New York City. Assistant Professor of Medi- 
cine, College of Physicians and Surgeons, Colum- 
bia University. (1, 1944) 

Cowgill, George Raymond, Ph.D. 333 Cedar St., 
New Haven, Conn. Professor of Nutrition, Yale 
University. (1, 1923 ; 2, 1922 ; 5, 1938) 

Cox, Gerald J., M.S., Ph.D. 200 S. 7th Ave., 
LaGrange, Bl. Research Group Leader, Corn 
Products Refining Co. (2, 1930; 5, 1935) 

Cox, Warren M., Jr., Ph.D. Mead Johnson & Co., 
Evansville, Ind. Research Biochemist. (2, 
1935) 

Craig, L. C., M.S., Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate in Chemical Pharmacology. (2, 1938) 
Crampton, E. W., Ph.D. Macdonald College, 
Quebec, Canada. Associate Professor of Animal 
Nutrition. (5, 1940) 

Crandall, Lathan A., Jr., M.D., Ph.D. Univer- 
sity of Tennessee College of Medicine, Memphis. 
Professor of Physiology. (1, 1930; 5, 1940) 
Cressy, Norman L., M.D. Respiratory Disease 
Commission Laboratory^ Station Hospital, Sec- 
tion 2, Fort Bragg, N. C. Capt., M. C., U. S. A.; 


Member Commission on Acute Respiratory Dis- 
eases. (C, 1943) 

Crctchcr, Leonard H., Ph.D. Mellon Institute 
of Industrial Research, University of Pitts- 
burgh, Pittsburgh, Pa. Assistant Director and 
Head of the Department of Research in Pure 
Chemistry. (2, 1930) 

Crider, Joseph O., M.D. Jefferson Medieal Col- 
lege, Philadelphia, Pa. Associate Professor of 
Physiology and Assistant Dean. (1, 1935) 
Crislcr, George R., Ph.D., M.D. 33d Altitude 
Training Unit, Santa Ana Army Air Base, Santa 
Ana, Calif. Captain, Medical Corps. (1, 1930) 
Crismon, Jefferson Mnrtineau, M.D.* Stanford 
University, Calif. Assistant Professor of Physi- 
ology. (1, 1944) 

Crittenden, Phoebe J., M.S., Ph.D. hlerck Insti- 
tute for Therapeutic Research, Rahway, N. J. 
(1, 1937; 3, 1937) 

Cromweil, Hobart W., Sc.D. Abbott Labora- 
tories, North Chicago, 111. Bacteriologist. (6, 
1929) 

Crozler, William J., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
Professor of General Physiology. (1, 1928) 
Cruickschank, Ernest W. H., M.D., D.So., Ph.D. 
M.R.C.P., F.R.S.E. Marischal College, Uni- 
versity of Aberdeen, Aberdeen, Scotland. Pro- 
fessor of Physiology. (1, 1931) 

Csonka, F. A., Ph.D. Bureau of Human Nutrition 
and Home Economics, U. S. Department of 
Agriculture, Belts\dlle, Md. Senior Chemist. 
(2, 1924) 

Cullen, Stuart C., M.D. University Hospitals, 
Iowa City, Iowa. Assistant Professor of Surgery- 
Anesthesia. (3, 1944) 

Culler, Elmer A. K., Ph.D. University of Roch- 
ester, Rochester, N. Y. Professor of Psychology 
and Director of the Laboratory. (1, 1936) 
Cunningham, Raymond W., M.S., Ph.D. Lederle 
Laboratories, Inc., Pearl River, N. Y. Head, 
Pharmacology Research. (3, 1941) 

Cunningham, Robert Sydney, A.M., M.D.,. Sc.D. 
Albany Medical College, Albany, N. Y. Pro- 
fessor of Anatomy and Dean. (1, 1923) 
Curnen, Edward C., M.D. Hospital of Rocke- 
feller Institute, 66th St. and York Ave., New 
York City. Assistant Resident Physician, Hos- 
pital of The Rockefeller Institute; Assistant, 
Rockefeller Institute; Lieut, ij.g.) M.C. F(S) 
U.S.N.R. on active duty. (6, 1941) 

Curtis, George Morris, M.A., Ph.D., M.D. Kins- 
man Hall, Ohio State University, Columbus. 
Professor of Surgery; Chairman, Department of 
Research Surgery. (1, 1933 ; 4, 1933) 

Curtis, Howard J., M.A., Ph.D. College of Phy- 
sicians and Surgeons, 630 W. 168th St., New York 
City. Assistant Professor of Physiology. (1, 
1940) 
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Cutler, Elliott C., M.D. Peter Bent Brigham 
Hospital, Boston, Mass. Moseley Professor of 
Surgery, Harvard Medical School; Surgeon-in- 
Chief, Peter Bent Brigham Hospital. (4, 1927) 
Cutting, Reginald A., M.D., Ph.D. Georgetown 
University School of Medicine, 3900 Reservoir 
Road, N.W., Washington, D. C. Professor 
of Physiology and Director of the Department. 
(1, 1939) 

Cutting, Windsor C., M.D. Stanford University 
School of Medicine, San Francisco, Calif. As- 
sistant Professor of Therapeutics. (3, 1939) 
Daft, Floyd Shelton, Ph.D. National Institute of 
Health, Washington, D. C. Senior Biochemist. 

(5. 1941) 

Daggs, Ray Gilbert, Ph.D. 4216 Southwestern 
Rd., Dallas, Texas. Lt. Col. Hdqtrs. 8th Service 
Command Surgeon's Office. (1, 1935; 5, 1933) 
Dakin, Henry D., D.Sc., LL.D., Ph.D., F.I.C., 
F.R.S. Scarborough-on-Hudson, N. Y. (2, 
1906) 

Dalton, Albert J., M.A., Ph.D. National Insti- 
tute of Health, Bethesda, Md. Cytologist. 

(4. 1942) 

am, Henrik, D.Sc. University of Rochester, 
School of Medicine and Dentistry, 260 Critten- 
den Blvd., Rochester, N. Y. Senior Research 
Associate in Biochemistry. (2, 1944 ; 5, 1943) 
D’Amour, Fred E., M.S., Ph.D. 2311 S. Josephine 
St., Denver, Colo. Associate Professor, Depart- 
ment of Zoology, University of Denver. (1, 1934) 
D’Amour, Marie C., Ph.D., M.D. Las Encinas 
Sanatorium, Pasadena, Calif. Resident Physi- 
cian. (1, 1934) 

Daniels, Amy L., Ph.D. College Highway, Avon, 
Conn. Retired. (2, 1919; 5, 1933) 

Danielson, Irvin S., Ph.D. Pearl River Apart- 
ments, Apt. 3H, Pearl River, N. Y. Research 
Chemist. (2, 1937) 

Dann, W. J., Ph.D., D.Sc. Box 3205, Duke Hospi- 
tal, Durham, N. C. Associate Professor of Physi- 
y. (2, 1937; 5, 1938) 

, Robert Croly, M.D.* 25 Hammond St., 
ridge. Mass. Assistant Professor of Indus- 
-^Lfial Physiology, Harvard University. (1, 1944) 
Darrow, Chester W., Ph.D. Institute for Juve- 
nile Research, 907 S. Wolcott St., Chicago, 111. 
Research Psychologist, Institute for Juvenile 
Research; Associate in Physiology, University 
of Illinois College of Medicine. (1, 1937) 
Darrow, Daniel Cady, M.D. New Haven Hos- 
pital, New Haven, Conn. Associate Professor 
of Pediatrics, Yale University. (2, 1936) 
Davenport, Horace Willard, B.Sc. (Oxon.) Ph.D. 
Dept, of Phj'siology, Harvard Medical School, 
25 Shattuck St., Boston, Mass. Instructor in 
Physiology. (1, 1942) 

David, Norman Austin, M.D. University of 
Oregon Medical School, Portland. Professor of 
PhaT7nacology. (3, 1934) 


Davidsohn, Israel, M.D. Mount Sinai Hospital, 
2750 W. 15th Place, Chicago, IlL Pathologist 
and Director of Laboratories, Mt. Sinai Hospital; 
Associate Professor of Pathology, College of 
Medicine, University of Illinois. (4, 1939; 6, 
1929) , 

Davis, George Kelso, Ph.D. Nutrition Laboratory, 
Animal Industry Dept., Agricultural Experi- 
ment Station, Gainesville, Fla. Nutritional 
Technologist and Biochemist, Univ. of Florida, 
Florida Agricultural Experiment Station. (5, 
1944) 

Davis, Hallowell, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Physi- 
ology. (1, 1925) 

Davis, Harry A., M.D., C.M. Dept, of Surgery, 
School of Medicine, Louisiana State University, 
1542 Tulane Avenue, New Orleans. Associate 
Professor of Sxirgery. (4, 1944) 

Davis, John Emerson, M S., Ph.D. Dept, of 
Physiology and Pharmacology, Univ. of Arkan- 
sas School of Medicine, Little Rock. Associate 
Professor of Pharmacology. (1, 1941;3,T941) 

Davson, Hugh, M.Sc., D.Sc. Dalhousie Univer- 
sity, Halifax, N.S., Canada. Experimental Sta- 
tion, Porton, Wilts, England. Associate Professor 
of Physiology. (1, 1941) 

Dawson, James Robertson, Jr., M.D. Vander- 
bilt Medical School, Nashville, Tenn. Associote 
Professor. (4, 1940) 

Dawson, Martin H., M.D., C.M. Presbyterian 
Hospital, 620 W. 168th St., New York City. 
Associate Professor of Clinical Medicine. (4, 
1934) 

Dawson, Percy M., M.D. Duke University Medical 
School, Durham, N. C. Visiting Professor, Dept, 
of Physiology. (1, 1900) 

Day, Harry G., D.Sc. University of Indiana, 
Bloomington. Associate Professor, Dept, of 
Chemistry. (5, 1940) 

Day, Paul L., M.A., Ph.D. University of Ar- 
kansas School of Medicine, Little Rock. Profes- 
sor of Physiological Chemistry. (2, 1934; 5, 
1933) 

de Beer, Edwin J., Ph.D. The Wellcome Research 
Laboratories, Tuckahoe, N. Y. Assistant Director 
of Research. (3, 1944) 

De Bodo, Richard C., M.D. 477 First Ave., New 
York, N. Y. Associate Professor of Pharmacology, 
New York Univ. College of Medicine. (1, 1932; 

3, 1931) 

DeEds, Floyd, M.A., Ph.D. 344 Santa Ana Ave., 
San Francisco, Calif. Principal Pharmacologist, 
Western Regional Research Laboratory, 800 
Buchanan St., Albany, Calif. (2, 1937; 3, 1927) 

Defandorf, James Holmes, Ph.D. Office of the 
Chief of the Chemical Warfare Service, Wash- 
ington, D. C. Colonel, Sn.C. (3, 1940) 
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de Gam, Paul F., M.D. 200 Pinohurst Avc., 
New York City. Instructor in Pathology, 
Cornell University Medical College. (C, 1941) 
DcGrafl, .4rlhur C., M.D. New York University 
College of Medicine, New York City. Professor 
of Therapeutics. (3, 1937) 

Deichmann, Wilhelm, M.So., Ph.D. 527 MeAlpin, 
Cincinnati, 0. Instructor, Kettering Labora- 
tory of Applied Physiology; Instructor in Physi- 
ology, University of Cincinnati, College of Medi- 
cine. (3, 1941) 

del Pozo, E. C., M.D.* Medellin 196, Me.xico, D. 
F., Mexico. (1, 1943) 

Dempsey, Edward W., Sc.M., Ph.D. Harvard 
Medic-al School, Boston, Mass. Instructor in 
Physiology. ' (1, 1940) 

Derbyshire, Arthur J., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. .Associate 
Professor of Physiology. (1, 1939) 
de Savilsch, Eugene, M.D. Suite 24, 1150 Con- 
necticut Ave., IVashington, D. C. Clinical 
Instructor in Surgery, Georgetown University 
School of Medicine. (4, 1934) 

Deuel, Harry J., Jr., Ph.D. University of South- 
ern California Medical School, Los -Angeles. 
Professor of Biochemistry. (I, 1928; 2, 1924; 
S, 1933) 

Deulofeu, Venancio, D. Chem. Casilla Correo 
2539, Buenos Aires, .Argentina. Professor of 
Organic Chemistry, University of Buenos Aires. 
(2, 1942) 

Dienes, Louis, M.D. Massachusetts General 
Hospital, Boston. Bacteriologist. (G, 1924) 
Dill, David Bruce, M.A., Ph.D. 2033 Temp. Bldg. 
-A.,, O.Q.M.G., Washington, D. C. Lt. Col. 
Q.M.C.; Assistant for Product .inalysis, Re- 
search and Development Branch O.Q.M.G. (1, 
1941; 2, 1927; 5, 1936) 

Dille, James M., M.S., Ph.D. University of Illi- 
nois School of Medicine, 1853 Polk St., Chicago. 
(3, 1939) 

Dillon, Robert T., M.S., Ph.D. % G. D. Searle 
and Co., Box 6110, Chicago 80, 111. Head, Ana- 
lytical Division. (2, 1934) 

Dingle, John H., Sc.D., M.D, Respiratory Dis- 
eases Comm. Lab., Station Hospital, Section 2, 
Fort Bragg, N. C. (6, 1941) 

DiPalma, Joseph R., M.D.* 40-12 76th St., 
Jackson Heights, L. I. (1, 1943) 

Dische, Zacharias, M.D. Dept, of Biochemistry, 
College of Physicians and Surgeons, 630 W. 168th 
St., New York City. (2, 1944) 

Dixon, Harold M., M.D. University of Pennsyl- 
vania, Philadelphia. Associate in Pathology; 
Chief of the Division of Pathology, Philadelphia 
General Hospital. (4, 1936) 

Doan, Charles A., M.D. Ohio State University, 
College of Medicine, Columbus. Professor and 
Chairman of ike Department of Medicine; Direc- 
tor of Medical Research. (4, 1928) 


Docliez, A. Raymond, M.D., Sc.D. (hon.). Pres- 
byterian Hospital, 620 W. IGSth St., New York 
City. John E. Borne Professor of Medical and 
Surgical Research, Columbia University, Mem- 
ber of National Academy of Sciences. (4, 
prior to 1920; G, 1922) 

Dohan, F. Curtis, M.D. 80 Princeton Rd., 
Cynwyd, Pa. Fellow, George S. Cox Medical 
Research Institute; Associate in Medicine, Uni- 
versity of Pennsylvania, Philadelphia. (1, 1941) 
Doisy, Edward A., M.S., Ph.D., Sc.D. St. Louis 
University School of Medicine, St. Louis 4, Mo. 
Professor of Biological Chemistry; Member, 
National Academy of Sciences. (2, 1920) 
Dominguez, Rafael, M.D. S.aint Luke’s Hospital, 
11311 Shaker Blvd., Cleveland, 0. Director of 
Laboratories, Si. Luke’s Hospital; Associate in 
Pathology, Western Reserve University. (1, 1935) 
Donahue, D. D., D.Sc, Division of Industrial 
Hj'gienc, National Institute of Health, Bethesda, 
Md. Physiologist, Toxicology Section, Division 
of Industrial Hygiene, U. S. Public Health 
Service. (3, 1941) ^ 

Dooley, M, S., M.D. 766 Irving Ave., Syracuse, 
N. Y. Professor of Pharmacology, College of 
Medicine, Syracuse University. (3, 1923) 
Dorfman, Ralph I., Ph.D. Dept, of Biochemistryj 
W’estern Reserve University School of Medicine, 
Cleveland, 0. Assistant Professor of Bio- 
chemistry, (2, 1940) 

Dotli, Louis Basil, M.A., Ph.D. St. Luke’s Hos- 
pital, Amsterdam Ave. and 113th St., New' York 
City. Chemist, St. Luke’s Hospital; Associate in 
Physiology and Biochemistry, New York Medical 
College, Flower and Fifth Avenue Hospital, New 
York, N. Y. (1, 1937) 

Doty, J. Roy, Ph.D. American Dental Association 
Bureau of Chemistry, 222 E. Superior St., Chi- 
cago, 111. Associate Chemist. (2, 1941) 

Dounce, Alexander L., Ph.D. Strong Memorial 
Hospital, 260 Crittenden Blvd., Rochester, 
N. Y. Instructor in Biochemistry, University of 
Rochester, School of Medicine and Dentistry 
(2, 1944) 

Dow, Philip, Ph.D. University of Georgia School 
of Medicine, Augusta. Associate Professor of 
Physiology. (1, 1939) 

Dow, Robert S., M.D., Ph.D. University of 
Oregon Medical School, Portland. Associate 
Professor of Anatomy. (1, 1940) 

Downs, Ardrey W., M.A., M.D., D.Sc., F.A.C.P. 
University of Alberta, Edmonton, Canada. 
Professor of Physiology and Pharmacoloav. 
(1. 1917) 

Downs, Cora M., Ph.D. 1625 Alabama St., Law- 
rence, Kan, (6, 1929) 

Drabkin, David L., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. Asso- 
ciate Professor of Physiological Chemistry. (2 - 
1928; 5, 1934) 
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Dragstedt, Carl A., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Pharmacology. (1, 
1928; 3, 1932) 

Dragstedt, Lester R., M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1920) 

Draize, J. H., Ph.D. Division of Pharmacology, 

. Food & Drug Administration, U. S. Dept, of 
Agriculture, Washington, D. C. Pharmacologist. 
(3, 1940) 

Drake, T. G. H., M.B., F.R.C.P, (c). University 
of Toronto, Toronto, Canada. Junior Demon- 
strator in Paediatrics, Department of Medicine, 
University of Toronto; Clinical Assistant on 
Active Staff and Associate Director Research 
Laboratory, Hospital for Sick Children. (5, 
1936) 

Draper, William B., M.Sc., M.D. University of 
Colorado School of Medicine, 4200 E. 9th Ave., 
Denver. Associate Professor of Physiology and 
Pharmacology. (3, 1938) 

Dresbach, Melvin, M.S., M.D. Hahnemann Medi- 
cal College, Philadelphia, Pa. Visiting Fellow 
in Physiology. (1, 1912) 

Dreyer, Nicholas Bernard, M.A. (0.xon). Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N. Y. Associate Professor of Physi- 
ology and Pharmacology. (3, 1942) 

Drill, Victor Alexander,* Ph.D. Dept, of Pharma- 
cology, Yale University School of Medicine, 333 
Cedar St., New Haven, Conn. Instructor in 
Pharmacology. (1, 1943) 

Drinker, Cecil K., M.D. Harvard University 
School of Public Health, Boston, Mass. Pro- 
fessor of Physiology and Dean. (1, 1915) 

Drinker, Katherine R., M.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, hlass. 
Instructor in Public Health. (1, 1915) 

»rury, Douglas R., M.D. University of Southern 
"inl'^ornia, Los Angeles. Professor of Physi- 
(1, 1932) 

■in, Harry E., Ph.D. 250 E. 43rd St., New 
York City. President, H. E. Dubin Labora- 
tories, Inc. (2, 1925) 

DuBois, Eugene F„ M.D. Cornell University 
Medical School, 1300 York Ave., New York, 
N. Y. Professor and Head of the Department of 
Physiology and Biophysics; Attending Physician, 
Nciv York Hospital; Member, National Academy 
of Sciences; Captain {M.C.) U.S.N.R. (1, 
1913; 3, 1921; 5, 1935) 

Dubos, Rene J., Ph.D., D.Sc. Rockefeller Insti- 
tute for Medical Research, 66th St. and York 
Ave., New York City. Member. (6, 1938) 

Dukes, H. H., D.V.jM., M.S. New York State 
Veterinary College, Cornell University, Itliaca, 
]Sr. Y. Professor of Veterinary Physiology. (1, 
1934) 


Dulaney, Anna D., A.M., Ph.D. Pathological 
Institute, University of Tennessee, Memphis. 
Assistant Professor of Bacteriology, Medical 
School. (6, 1924) 

Dumke, Paul Rudolph, M.D. Clinical Research 
Section, Medical Research Lab., Edgewood 
Arsenal, Edgewood, Md. Instructor in Pharma- 
cology, University of Pennsylvania; Captain, 
M.C. (3, 1942) 

Dunlap, Charles E., M.D. Tulane Uni%'’ersity of 
Louisiana, 1430 Tulane Ave. New Orleans. As- 
sociate Professor of Pathology. (4, 1942) 

Dunn, Max Shaw, Ph.D. University of Cali- 
fornia, Los Angeles. Professor of Chemistry. 
(2, 1933) 

Durrant, Edwin Poe, M.A., Ph.D. Ohio State 
University, Columbus. Associate Professor of 
Physiology. (1, 1928) 

Dutcher, R. Adams, M.S., M.A., D.Sc. Pennsyl- 
vania State College, State College. Professor 
and Head of Department of Agricultural Bio- 
chemistry. (2, 1920; 5, 1933) 

Duval, Charles Warren, M.D. Tulane Univer- 
sity, New Orleans, La. Professor Emeritus of 
Pathology and Bacteriology. (4, 1913) 
du Vigneaud, Vincent, M.S., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York 21, N. Y. Professor of Biochemistry; 
Member National Academy of Sciences. (2, 1929; 
5, 1934) 

Dworkin, Simon, D.D.S., M.D., C.M. Biology 
Building, McGill University, Montreal, Quebec, 
Canada. Lecturer in Physiology, Faculty of 
Medicine. (1, 1931) 

Dye, J. A., Ph.D. James Law Hall, Cornell 
University, Ithaca, N. Y. Associate Professor 
of Physiology. (1, 1929) 

Dye, Marie, M.S., Ph.D. Michigan State College, 
East Lansing. Dean of Division of Home Eco- 
nomics. (2, 1929; 5, 1933) 

Dyer, Helen M., M.S., Ph.D. National Cancer 
Institute, U.S.P.H.S., Bethesda, Md. Research 
Associate. (2, 1936; 5, 1937) 

Eadie, George S., Ph.D. Duke Universit}’' School 
of Medicine, Box 3709, Durham, N. C. Profes- 
sor of Physiology and Pharmacology. (1, 1929; 
3, 1940) 

Eagle, Harry, M.D. Johns Hopkins Hospital, 
Baltimore, Md. Passed Assistant Surgeon, 
U. S. Public Health Service; Lecturer in Medi- 
cine, Johns Hopkins University Medical School. 
(4, 1936) 

Earle, Wilton R., Ph.D. U. S. Public Health 
Service, National Cancer Institute, Bethesda, 
Md. Senior Cytologist. (4, 1940) 

Eaton, Alonzo Guy, M.A., Ph.D. Louisiana 
State University Medical Center, New Orleans. 
Associate Professor of Physiology. (L 1933) 



ALPHABETICAL LIST OF ALL AIEftnJERS OF THE SIX SOCIETIES 


319 


Eaton, Monroe D., AI.D. Stnto Department of 
Public Hcaltb, Influenza Laboratory, 1393 
University Avo., Berkeley, Calif. Staff Mem- 
. her, Inicrnalional Health Division of The Rocke- 
feller Foundation. (6, 1937) 

Ecber, E. E., Ph.D. School of Medicine,' Western 
Reserve University, 20S5 Adelbert Rd., Cleve- 
land, 0. Professor of Imnmnologtj. (4, 1925) 
Eckstein, Henry C., M.S., Ph.D. 320 W. Medlc.al 
Building, University of Alichigan, Ann Arbor. 
Associate Professor of Biological Chemistry. 
(2, 1925) 

Eddy, Nathan B., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist, United States Public Health Service, (1, 
1919; 3. 1929) 

Eddy, Walter H., A.M., Ph.D. 60 E. 42ad St., 
New York, N. Y. Professor Emeritus, Phy- 
siological Chemistry, Teachers College, Columbia 
University. (2, 1913 ; 5, 1933) 

Edsall, Geoffrey, liI.D. Antitoxin and Vaccine 
Laboratory, 375 South St., Jamaica Plain, Mass. 
Acting Director, Division of Biologic Labora- 
tories, Massachusetts Department of Public 
Health; Associate in Public Health Laboratory 
Methods, Simmons College; Instructor in Applied 
Immunology, Harvard School of Public Health. 
(6, 1943) 

Edsall, John Tileston, M.D. Harvard Medical 
School, Boston, Alass. Associate Professor of 
Biological Chemistry and Tutor in Biochemical 
Sciences. (2, 1931). 

Edwards, Dayton J,, Ph.D. 1300 York Ave., New 
York City. Associate Professor of Physiology; 
Assistant Dean, Cornell University Medical 
College. (1, 1921) 

Edwards, Jesse E., M.D. 25 Edgehill Rd., Brook- 
line, Mass. (4, 1941) 

Edwards, J. Graham, A.M., Ph.D. 24 High St., 
Buffalo, N. Y'. Assistant Professor of Anatomy, 
University of Buffalo. (1, 1932) 

Eggerth, Arnold H., Ph.D. Hoagland Laboratory, 
335 Henry St., Brooklyn, N. Y. Associate 
Professor of Bacteriology, Long Island College 
of Medicine. (4, 1925) 

Ehrenstein, Maximilian R., Ph.D. 806 Maloney 
Clinic, University of Pennsjdvania Hospital, 
36th and Spruce Sts., Philadelphia. Assist- 
ant Professor of Chemistry assigned to Medicine. 
(2, 1942) 

Eichelberger, Lillian, Ph.D. University of Chi- 
cago, Dept, of Medicine, Chicago, HI. Assistant 
Professor of Biochemistry. (2, 1937) 

Eiseman, Anna J., Ph.D. U. S. Public Health 
Service Hospital, Lexington, Ky. Biological 
Chemist. (2, 1930) 

Elderfield, Robert C., Ph.D. Columbia University, 
New York Citv. Professor of Chemistry. (2, 
1934) . ' ’ * 


Elftman, Herbert, M.A., Ph.D. College of Phj'si- 
cians and Surgeons, Columbia University,- 630 
W. 16Sth St., New York City. Assistant Pro- 
fessor in Anatomy. (1, 1940) 

Eliot, Martha M,, M.D. United States Children’s 
Bureau, Washington, D. C. Assistant' Chief. 
(S. 1933) 

Elliott, K. Allan C., M.Sc., Ph.D. Montreal Neuro- 
logical Institute, 3S01 University St., Montreal, 
Canada. (2, 1937) 

Ellis, Frederick W., M.D. Monson, Alass. (1, 
1887) 

Ellis, Lillian N., Ph.D. Adelphi College, Garden 
City, N. Y. (5, 1940) 

Ellis, Max Mapes, A.M., Ph.D., Sc.D. Univer- 
sity of Missouri, Columbia. Professor of Physi- 
ology and Pharmacology. (1, 1923) 

Ellis, N. R., M.S. Bureau of Animal Industry, 
U. S. Department of Agriculture, Beltsville 
Research Center, Beltsville, Md. Principal 
Chemist, Animal Nutrition Division. (2, 1928; 
5. 1933) 

Elser, William J., M.D. 1300 York Ave., New 
York City. Emeritus Professor of Applied 
Pathology and Bacteriology, Neio York Hospital. 
(G, 1920) 

Elvehjem, Conrad Arnold, M.S., Ph.D., Sc.D. 
Biochemistry Building, University of Wisconsin, 
Madison. Professor of Biochemistry; Member, 
National Academy of Sciences. (2, 1931; 5, 
1933) 

Emerson, George A., M.S., Ph.D. University of 
Texas, Medical Branch, Galveston, Professor of 
Pharmacology. (3, 1935) 

Emerson, Gladys A., Ph.D. Merck Institute of 
Therapeutic Research, Rahway, N. J. Nutri- 
tionist. (5, 1942) 

Emerson, Oliver H., Ph.D. Western Regional 
Research Laboratory, U. S. Dept, of Agricul- 
ture, Albany 6, Calif. Associate Chemist. 
(2, 1938) 

Emery, Frederick E., D.V.M., M.S., Ph.D. Uni- 
versity of Buffalo Medical School, Buffalo, N. Y. 
Assistant Professor of Physiology. (1, 1930) 

Emmett, Arthur D., M.A., Ph.D. Research De- 
partment, Parke, Davis & Co., Detroit, Mich. 
Assistant Director of Research. (2, 1908 ; 5, 
1933) ' 

Eitders, John F., A.AI., Ph.D. Department of 
Bacteriology, Medical School, Harvard Uni- 
versity, Boston, Mass. Assistant Professor of 
Bacteriology and Immunology. (6, 1936) 

Engle, Earl Theron, Ph.D. College of Physicians 
and Surgeons, Columbia University, . 630 -WL 
16Sth St., New York City, Prof 
omy. (I, 1930) 

Epstein, Albert A., AI.D. Hii 
New York City. Phys' '• 
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pital; Physician, Hospital for Joint Diseases. 
(2, 1912) 

Erickson, Cyrus C., M.D. Duke University 
School of Medicine, Durham, N. C. Associate 
in Pathology. (4, 1941) 

Erlanger, Joseph, M.D., LL.D., Sc.D. Washing- 
ton University School of Medicine, 4580 Scott 
Ave., St. Louis, Mo. Professor of Physiology; 
Member of the National Academy of Sciences. 
(1, 1901) 

Espe, Dwight L., Ph.D. Iowa State College, 
Ames. Assistant Researeh Professor in Dairy 
Husbandry. (1, 1940) 

Essex, Hiram E., M.S., Ph.D. Mayo Foundation, 
Rochester, Minn. Associate Professor of Physi- 
ology, Institute of Experimental Medicine. 
(1, 1932; 3, 1940) 

Ettinger, C. H., M.D., C.M., F.R.S.C.* Queen’s 
University, Kingston, Canada. Professor of 
Physiology. (1, 1943) 

Evans, Earl Alison, Jr., Ph.D. Department of 
Biochemistry, University of Chicago, Chicago, 
111. Professor and Chairman of Department. (2, 

1939) 

Evans, Everett Idris, M.D., Ph.D. Department 
of Surgery, Medical College of Virginia, Rich- 
mond. Assistant Professor of Surgery; Re- 
sponsible Investigator, Committee on Medieal 
Research, National Research Couneil. (1, 1935) 
Evans, Gerald Taylor, M.D., Ph.D. University 
of Minnesota Hospitals, Minneapolis. Director 
of Laboratory Service, University of Minnesota 
Hospitals; Associate Professor of Medicine, 
University of Minnesota. (1, 1942) 

Evans, Herbert M., M.D. University of Cali- 
fornia, Berkeley. Professor of Anatomy and 
, Director of Institute of Experimental Biology; 
Member of the National Academy of Sciences. 
(1, 1919) 

Evans, William E., Jr., M.S., Ph.D. University 
of Maryland Medical School, Baltimore. As- 
'"'sistant Professor of Pharmacology. (3, 1940) 

D. F., Ph.D., D.V.M. North Dakota 
"'^^^ultural College, Fargo. Professor, Vel- 
ffjmary Science, North Dakota Agricultural 
Experiment Station. (2, 1939) 

Everett, Mark Reuben, Ph.D. University of 
Oklahoma Medical School, Oklahoma City. 
Professor of Biochemistry. (2, 1929) 

Ewing, P. L., M.S., Ph.D. University of Texas 
School of Medicine, Galveston. Associate Pro- 
fessor of Pharmacology. (3, 1938) 

Eyster, John A. English, M.D. University of 
Wisconsin, Madison. Professor of Physiology. 
(1, 1906; 3, 1908) 

Fahr, George, M.D. 102 Millard Hall, University 
of Alinnesota Aledical School, Minneapolis. 
Professor of Clinical Medicine. (1, 1913; 3, 

1940) 


Failey, Crawford F., Ph.D. 416 South 6th Street, 
Terre Haute, Ind. Department of Pharmacology, 
University of Ghicago. Research Assoc., Asso- 
ciate Professor. (2, 1933) 

Fairhall, Lawrence T., M.A., Ph.D. U. S. Public 
Health Service, Washington, D. C. Principal 
Industrial Toxicologist. (2, 1924). 

Falk, Carolyn R., B.A. 40 E. 66th St., New York 
City. Bacteriologist,' Bureau of Laboratories, 
New York City Dept, of Health. (6, 1943) 

Falk, K. George, Ph.D. 40 E. 66th St., New York 
City. Director, Laboratory of Industrial Hy- 
giene. (2, 1913) 

Famulener, Lemuel W., Ph.C., AI.D. 275 Engle St., 
Englewood, N. J. (6, 1920) 

Farber, Sidney, M.D. Harvard Aledical School, 
25 Shattuck St., Boston, Maes. Assistant 
Professor of Pathology. (4, 1934) 

Farmer, Chester J., A.M. Northwestern Medical 
School, 303 E. Chicago Ave., Chicago, 111. Pro- 
fessor of Chemistry. (2, 1935) ' 

Farr, Lee E., M.D. Alfred I. duPont Institute, 
Wilmington, Del. Director of Research. On leave 
of absence in U. S. Navy. (4, 1941) 

Farrell, James I., Ph.D., M.D. 17 Chatauqua Pk, 
Bradford, Pa. (1, 1938) 

Fassett, David W,, M.D. Department of Thera- 
peutics, New York University College of Medi- 
cine, 414 E. 26 St., New York City. Fellow, 
Department of Therapeuties. (3, 1942) 
Favorite, Grant O., M.D. 1313 Andover Rd., 
Overbrook, Philadelphia, Pa. Professor of 
Bacteriology, Hahnemann Medical College, Phil- 
adelphia. (6, 1943) 

Fay, Marion, M.A., Ph.D. Woman’s Medical 
College of Pennsylvania, East Falls, -Phila- 
delphia 29. Professor of Physiological Chemistry. 
(2, 1937) 

Feldman, Harry A., M.D. University' of Tennes- 
see, Memphis. Fellow {on. leave) in Medicine, 
Harvard Medical School; Capt., A US, Chief 
Div. Bact. (6, 1943) 

Feldman, William H., D.V.M. , AI.S. The Mayo 
Foundation, Rochester, Alinn. Associate in the 
Division of Experimental Surgery and Pathology. 
(4, 1934) 

Feller, Alto E., M.D. Commission on Acute Res- 
piratory Diseases, Station Hospital, Section 2, 
Fort Bragg, N. C. Consultant to Secretary of War. 
(6, 1943) 

Fellows, Edwin J., M.S., Ph.D. Temple Uni- 
versity School of Medicine, Philadelphia, Pa. 
Assistant Professor of Pharmacology . (3, 1939) 
Felton, Lloyd D., M.D., D.Sc. Division of Infec- 
tious Diseases, National Institute of Health, , 
25th and E Sts., N.W., Washington, D. C. Senior 
Surgeon, United States Public Health Service. 
(6, 1926) 
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Fenn, IVallaco Osgood, A.M., Ph.D. Univcrsitj' of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Profes- 
sor of Physiology; Member, Matiotial Academy of 
Sciences. (I, 1924) 

Penning, Con, M.D., M.A. University of Utah 
School of Medicine, Salt Lake City. Associate 
Professor of Pharmacology and Physiology. (1, 
1942) 

Ferguson, James Kenneth Wallace, M.A., M.D. 
76 lulbarry Rd., Toronto, Ontario, Canada. 
Assistant Professor of Pharmacology, University 
of Toronto. IFinj Commander, R.C.A.F. (1, 
1933:3, 1941) 

Ferguson, John Howard, M.D., M.A., L.M.S.S.A. 
Dept, of Physiology, School of Medicine, Univer- 
sity of North Carolina, Chapel Hill. Professor of 
Physiology and Acting Professor of Pharmacol- 
ogy. (1, 1933:3,1939) 

Ferguson, L. Kraeer, M.D. 133 S. 36th St. 
Philadelphia, Pa. Assistant Professor of Sur- 
gery, University of Pennsylvania; Surgeon, 
Philadelphia General Hospital; Assistant Sur- 
geon, University of Pennsylvania Hospital. 
(4, 1935) 

Ferry, John Douglass, Ph.D. Department of 
Physical Chemistry, Harvard Medical School, 
25 Shattuok St., Boston, Maas. Research Asso- 
ciate. (2, 1941) 

Ferry, Newell S., M.D. Parke, Davis & Co., 
Detroit, Mich. Assistant Director of Research. 
(6, 1916) 

Ferry, Ronald M., M.D. 966 Memorial Drive, 
Cambridge, Mass. Master of John Winthrop 
, House. (2, 1924) 

Fetcher, Edwin S., Jr., Ph.D.* 1800 Shroyer 
Road, Dayton, Ohio. Special Consultant to the 
Army Air Forces, AAF Materiel Command, 
Wright Field. (1, 1944) 

Fetter, Dorothy, Ph.D.* Department of Hygiene, 
Brooklyn College, Brooklyn, N. A’. Instructor in 
Physiology. (1, 1944) 

Fevold, Harry L., M.S., Ph.D. Western Regional 
Research Laboratory, Albany 6, Calif. Senior 
Biochemist. (2, 1942) 

Field, John, II, A.M., Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Physiology. 
(1, 1930) 

Fincke, Margaret L., Ph.D . Oregon State College, 
Corvallis. Associate Professor of Foods and 
Hutrilion, School of Home Economics. (5, 
1940) 

Findley, Thomas, Jr., M.D. Ochsner Clinic, 
3503 Prytania, New Orleans, La. Head of the 
Department of Internal Medicine, Ochsner 
Clinic, New Orleans; Assistant Professor of 
Clinical Medicine, Tulane University School of 
Medicine. (1, 1938) 


Fine, Morris S., Ph.D. . Central Laboratories, 
General Foods Corporation, Hoboken, N. J. 
Director of Research. (2, 1912: 5, 1933) 

Finland, Maxwell, B.S. Boston City Hospital, 
Boston, hlass. Assistant Professor of Medicine, 
Harvard Medical School. (6, 1941) 

Firor, Warfield Monroe, M.D. Johns Hopkins 
Hospital, Baltimore, Md. Associate Professor 
of Surgery, Johns Hopkins University. (1, 1932) 
Fischer, Ernst, M.D., Dr. habil. Medical College 
of Virginia, Richmond. Associate Professor of 
Physiology and Pharmacology. (1, 1936) 
Fischer, Hermann O. L., Ph.D. Banting Insti- 
tute, 100 College St., University of Toronto, 
Toronto 5, Canada. Research Professor of Or- 
ganic Chemistry. (2, 1940) 

Fischer, Martin H., M.D., Pharm. D. (hon.) , Sc.D. 
University of Cincinnati College of Medicine, 
Eden Ave., Cincinnati 19, 0. Professor of Phys- 
iology. (1,1901:2,1919) 

Fishberg, Ella H., M.A., M.D. Beth Israel Hos- 
pital, Stuyvesant Park East, New York City. 
Biociiemfsf. (2, 1931) 

Fisher, Albert Madden, M.A., Ph.D. Connaught 
Laboratories, University of Toronto, Toronto, 
Canada. Research Associate. (2, 1944) 

Fisher, Kenneth C„ M.A., Ph.D. University of 
Toronto, Toronto, Ont'., Canada. Assistant 
Professor of Physiological Zoology. (I, 1940) 
FIske, Cyrus H., M.D. Harvard Medical School, 
Boston, Mass. Professor of Biological Chemis- 
try. (2, 1914) 

Fitzgerald, Mabel P., 54 A, George Sq., Edinburgh, 
Scotland. (1, 1913) 

Fitzhugh, O. Garth, Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington, D. C. Pharma- 
cologist. (3, 1940) 

Fleischmann, Walter, M.D., Ph.D. Harriet Lane 
Home, Johns Hopkins Hospital, Baltimore, 
Md. Associate in Pediatrics, Johns Hopkins 
University. (1, 1940) 

Fleisher, Moyer S., M.D. Jewish Hospital, St. 
Louis, Mo. Research Bacteriologist. (4, 1924; 
6, 1932) 

Flexner, Louis B., M.D. Department of Embry- 
ology, Carnegie Institution of Washington, 
Wolfe and Madison Sts., Baltimore, Md. Re- 
search Associate. (1, 1933) 

Flock, Eunice V., Ph.D. Mayo Clinic, Rochester, 
Minn. Assistant Professor of Biochemistry, 
University of Minnesota ; Associate in the Divi- 
sion of Experimental Medicine, The Mayo 
Foundation. (2, 1940) 

Florman, Alfred L., M.D. 9th Service Command 
Laboratory, Presidio of Monterey, Calif. Lieut., 
M. C. (6, 1942) 
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Flosdorf, Earl W., Ph.D. Forest Grove, Bucks Co., 
Pa. Research — University of Pennsylvania School 
of Medicine. (6, 1941) 

Floyd, Cleveland, M.D., Sc.D. 246 Marlborough 
St., Boston, Mass. Chief Examiner, Boston 
Health Dept. (G, 1916) 

Foa, Piero Pio, Ph.D.* 710 S. Wolcott St., Chicago, 
111. Assistant Professor of Physiology, Chicago 
Medical School. (1, 1944) 

Folch, Jordi, M.D. Rockefeller Institute for 
Medical Research, New York City. Associate. 
(2, 1941) 

Follensby, Edna M., Ph.G. 80 E. Concord St., 
Boston, Mass. Research Assistant, Evans Me- 
morial. (6, 1933) 

Follis, Richard H., Jr., M.D. Major, M.C. A.U.S. 
Hq. AAF., Office of Flying Safety, Winston 
Salem, N. C. Associate in Pathology, Harvard 
University (on leave of absence). (4, 1942) 

-Foot, Nathan Chandler, M.D. 340 E. 72nd St., 
New York City. Professor of Surgical Pathol- 
ogy, Cornell University Medical College; Surgical 
Pathologist, New York Hospital. (4, 1924) 
Forbes, Alexander, A. M., M.D, Harvard Medi- 
cal School, Boston, Mass. Professor of Physi- 
ology; Member of the National Academy of 
Sciences. (1, 1910) 

Forbes, Ernest B,, Ph.D. State College, Pa. 
Director of the Institute of Animal Nutrition. 
(1, 1917; 5, 1935) 

Forbes, Henry S., M.D. Forest St., Milton, Mass, 
Associate in Neuropathology, Harvard Medical 
School. (1, 1931) 

Forbes, John C., M.A., Ph.D. Medical College of 
Virginia, Richmond. Associate Professor of 
Biochemistry. (2, 1937) 

Forbes, William H., M.A., Ph.D.* Harvard Uni- 
versity, Fatigue Laboratory, Boston, Mass. 
Research Fellow, Assistant Director of Fatigue 
b., Assistant Professor of Industrial Physiol- 
(1, 1943) 

. Leonard S., Ph.D. 311 E. Chicago Ave., 
.!;^uicago. 111. Professor of Chemistry, Northwest- 
ern University. (2, 1944) 

Foster, G. L., Ph.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City. 
Associate Professor of Biological Chemistry. 
(2, 1923) 

Foster, Harry E., M.D. Cutter Laboratory, 
Berkeley, Calif. Medical Director. (6, 1913) 
Foster, Robert H. K., Ph.D., M.D. 19 BrookGeld 
Ave., Nutlej’, N. J. Chief Pharmacologist, 
Hoffman-La Roche, Inc. (1, 1940; 3, 1944) 
Foster, Ruth A. C., Ph.D. Dept, of Botany and 
Bacteriology, University of Te.xas, Austin. 
Instructor. (6, 1943) 

Fothergill, LeRoy D., M.D. Naval Medical Center, 
Bethesda, jVId. Assistant Professor of Bacteriol- 
ogy and Immunology, Harvard Medical School. 


Now serving as Lt. Comdr. M. C., U. S. Naval 
Reserve. (6, 1936) 

Fraenkel-Conrat, Heinz, M.D., Ph.D. Western 
Regional Research Laboratory, Protein Division, 
Albany 6, Calif. Associate Research Chemist. (2, 
(1942) 

Francis, Thomas, Jr., M.D., M.S., Sc.D. (hon.). 
School of Public Health, University of Michigan, 
Ann Arbor. Professor of Epidemiology. (4, 
1940; 6, 1930) 

Franke, Florent E., M.D. 9 Sylvester, Webster 
Groves, Mo, Assistant Professor of Physiology, 
St. Louis University School of Medicine. (1, 
1934) 

Frankel, Edward M., Ph.D. 214 River Rd., Nyack, 
N. Y. President, Supreme Liquors, Inc. (2, 
1916) 

Fraser, Alexander MacLeod, A.M., M.D., C.M. 
McGill University, Montreal, Canada. Lec- 
turer in Pharmacology. (3, 1939) • ' 

Fraser, Donald T., M.B. Connaught Labora- 
tories, University of Toronto, Toronto 5, Canada. 
Professor of Hygiene and Preventive -Medicine. 
(6, 1935) 

Free, Alfred H. School of Medicine, Western Re- 
serve University, Cleveland, 0. Asst. Professor 
of Biochemistry. (5, 1944) 

Freeman, Harry, M.D . Worcester State Hospital, 
Worcester, Mass. Internist, Research Service. 
(I. 1939) 

Freeman, Leslie Willard, Ph.D., M.D.* 660 E. 
Groveland Park, Chicago, 111. Resident, Chicago 
Memorial Hospital. (1, 1944) 

Freeman, Norman, E., M.D. University of Penn- 
sylvania Medical School, Philadelphia. /. Wm. 
White Assistant Professor of Research Surgery. 
(1, 1936) 

Freeman, Smith, M.D., Ph.D. Northwestern 
University School of Medicine, 303 E. Chicago 
Ave., Chicago, 111. Assistant Professor of 
Physiology and Pharmacology. (1, 1937) 

Freund, Jules, M.D. Public Health Research In- 
stitute of the City of New York, Foot of E. 
15th St., New York, N. Y. Member. (4, 1930; 
6, 1924) 

Friedemann, Theodore E., M.A., Ph.D. North- 
western University Medical School, 303 E. 
Chicago Ave., Chicago, 111. Associate Professor 
of Physiology. (2, 1925) 

Friedemann, Ulrich, M.D. Department of Bac- 
teriology, The Jewish Hospital of Brooklyn, 
Classon and St. Marks Ave., Brooklyn, N. Y. 
(6. 193S) ' ■ 

Friedewald, William F., M.D. International 
Health Division, The Rockefeller Foundation, 
GGth St. and York Ave., New York City. Mem- 
ber of Staff. (4, 1941) 
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Fricdgood, Horry B., I^LD. Harvard Medical 
^School, Boston, JIass. Instructor in Medicine. 
(1, 193G) 

Friedman, Maurice H., Ph.D., JI.D. Hunter Field 
Begional Hospital, Hunter Field, Ga. Captavi 
{MC) AUS, Chief, Gastro-cntcrology. (1, 1929) 
Friedman, M. H. F., ALA., Ph.D. Jefferson Medi- 
cal College of Philadelphia, 1025 Walnut St., 
Philadelphia, Pa. Assistant Professor of Physiol- 
ogy. (1, 1941) 

Friedman, Nathan B., M.D. Stanford University 
School of Aledicine, San Francisco, Calif. In- 
structor in Pathology. Array Medical Museum, 
7th & Independence, Wasliington, D. C. (4, 1942) 
Frisch, Arthur W., Ph.D., AI.D. College of Medi- 
cine, Wayne University, Detroit, Mich. In- 
structor. (6, 1938) 

fraton, 3. S., Ph.D, Rockefeller Institute, 66th 
St. and York Ave., New York Citj'. Associate 
in Chemistry. (2, 193S) 

Fuge, Nicholas W,, M.S., Ph.D. State University 
of Iowa, Medical School, Iowa City. Instructor in 
Pharmacology, on leave. (3, 1944) 

Fnifon, John Farquhar, M.A., Ph.D., M.D. Yale 
University School of Medicine, New Haven, 
Conn. Sterling Professor of Physiology. (1, 
1923) 

Funk, Casimir, D.Sc., Ph.D. 186 Riverside Drive, 
New York 24, N. Y. (2, 1921) 

Furth, Jacob, M.D. Cornell University Medical 
College, 1300 York Ave., New York City. Asso- 
ciate Professor of Pathology. (4, 1932; G, 1930) 
Gaebler, Oliver H., Ph.D., M.D. Henry Ford 
Hospital, Detroit, Mich. Associate in Chem- 
istry. (2, 1927) 

Gaffron, Hans, Ph.D. Chemical Department, 
University oft Chicago, Chicago, 111. Research 
Associate (Assistant Professor). (2, 1941) 

Gagge, Adolf Pharo, Ph.D. Aeromedical Re- 
search Laboratory, Wright Field, Dayton, O. 
It. Col.; Chief, Biophysics Branch, Air Corps, 
U. S. Army; on leave from Yale University and 
John B. Pierce Laboratory of Hygiene. (1, 1939) 
Galambos, Robert, M.A., PhD. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. (1, 1942) 
Gall, Edward A., AI.D. Bethesda Hospital, 
Cincinnati , 0. Assistant Professor of Pathology, 
College of Medicine, University of Cincinnati. 
(4, 1941) 

Gallagher, Thomas F., Ph.D. University of 
Chicago, Chicago, 111. Associate Professor of 
Biochemistry. (2, 1932) 

Gallup, Willis D., M.S., Ph.D. Oklahoma Agri- 
cultural and Alechanical College, Stillwater. 
Chcinisl and Professor of Agricultural Chemistry. 
(2. 1932) 


Gamble, James L., M.D., S.M. 33 Edgohill Rd., 
Brookline, Mass. Professor of Pediatrics, Har- 
vard Medical School. (2, 1922 ; 5, 1933) 

Gantt, W. Horsley, M.D. Phipps Psychiatric 
Clinic, Jolms Hopkins Hospital, Baltimore, Md. 
Associate in Psychiatry. (I, 1935) 

Garbat, Abraham L., M.D. 103 13. 78th St., 
New York City. Attending Physician, Lenox 
Hill Hospital. (6, 1913) 

Gardner, Leroy U., M.D. Saranac Laboratory 
for Study of Tuberculosis, Samnac Lake, N. Y. 
Director of the Trudeau Foundation. (4, 1927) 
Garrey, Walter Eugene, Ph.D., M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Professor of Physiology. (1, 1910; 2, 1906) 
Gasser, Herbert S., A.M., M.D., Sc.D. (hon.) 
Rockefeller Institute for Medical Research,- 
66th St. and York Ave., New York City. Di- 
rector of Laboratories; Member of the National 
Academy of Sciences. (1, 1915; 3, 1924) 

Gates, Olive, M.D. 25 Shattuck St., Boston, Mass. 

Associate Pathologist. (4, 1940) 

Gaunt, Robert, Ph.D. Washington Square Col- 
lege, New York University, New- York City. 
Associate Professor of Biology. (I, 1939) 

Gay, Leslie N., M.D. 1114 St. Paul St., Balti- 
more, Md. Director of the Allergy Clinic, 
Johns Hopkins Hospital; Visiting Physician to 
Johns Hopkins Hospital; Associate in Medicine, 
Johns Hopkins University. (6, 1927) 

Geiiing, E. M. K., M.S., M.D., Ph.D. University 
of Chicago, Chicago, 111. Frank P. Hixon Dis- 
tinguished Service Professor of Pharmacology 
and Chairman of Department. (1, 1933 ; 2, 1927; 
3, 1925) 

Gelfan, Samuel, Ph.D. 212 West 72nd St., New 
'York, N. Y. Assistant Professor of Physiology, 
Columbia University College of Physicians and 
Surgeons. (1, 1930) 

Geilhorn, Ernst, M.D., Ph.D. Room 116, Medical 
Sciences, University of ACnnesota, Minneap- 
olis. Professor of Neurophysiology. (1, 1930) ^ 

Gemmill, Chalmers L., M.D. School of Aviation 
Medicine, Pensacola, Fla. Commander, U.S.N.R 
(1, 1928 ; 2, 1935) 

Gerard, R. W., Ph.D., AI.D. University of 
Chicago, Chicago, 111. Professor of Physiology. 
(1. 1927) 

Gerstenberger, Henry John, M.D. Western 
Reserve University, Cleveland, 0. Professor 
of Pediatrics, School of Medicine, Western Re- 
serve University; Director of Pediatrics, Babies 
and Children’s Hospital. (5, 1938) 

Gesell, Robert, M.D. University of Alichigan, 
Ann Arbor. Professor of Physiology. (1, 1913) 
Getfler, Alexander O., A.M., Ph.D., LL.D. New 
York University, 29 Washington Place, New 
York City. Professor of Chemistry and Taxi- 
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oology; Toxicologist to Chief Medical Examiner’s 
Office. (2, 1916) 

Gey, George Otto, M.D. Cancer Research and 
Tissue Culture Laboratory, Johns Hopkins 
Medical School, Baltimore, Md. Instructor in 
Surgery. (1, 1940) 

Gibbs, Frederick Andrews, M.D. Neuropsychi- 
atric Institute, University of Illinois, 912 So. 
Wood St., Chicago. (1, 1935) 

Gibbs, Owen Stanley, M.B., Ch.B. (Edin.) 
R.F.D. 4, Box 428, Memphis, Tenn. Research 
Consultant. (1, 1935; 3, 1930) 

Gibson, Robert Banks, Ph.D. University Hos- 
pital, Iowa City, Iowa. Associate Professor of 
Biochemistry, State University of Iowa. (1, 
1907; 2, 1906) 

Gies, William John, M.S., Ph.D., Sc.D., LL.D., 
F.A.C.D. 632 W. 168th St., New York City. 
Professor of Biological Chemistry, Columbia 
University. (1, 1898; 2, 1906; 3, 1909) 

Gilbert, Ruth, A.M., M.D. R.F.D. 2, Altamont, 
N. Y. Bacteriologist, New York State Depart- 
ment of Health, Albany. (6, 1920) 

Gilman, Alfred, Ph.D. Edgewood Arsenal, Md. 

Captain, Sn.C., A.U.S. (1, 1935; 3, 1934) 
Gilson, Arthur S., Jr., A.M., Ph.D. Washington 
University Medical School, St. Louis, Mo. 
Associate Professor of Physiology, (1, 1927) 
Githens, Thomas Stotesbury, M.D. The Cam- 
bridge, Wissahickon and Chelten Aves., Ger- 
mantown, Philadelphia, Pa. (1, 1915) 

Givens, Maurice H,, Ph.D. 1750 N. Ashland 
Ave., Chicago, 111. Biochemist, Northwestern 
Yeast Company. (1, 1917 ; 2, 1915) 

Glaser, O. C., Ph.D. Amherst College, Amherst, 
Mass. Professor of Biology. (1, 1913) 

Glazko, Anthony J., Ph.D. 2319 College Ave., 
Berkeley, Calif. Naval Laboratory Research 
Unit No. 1, University of California, Berkeley. 
(1, 1942) 

ick, David, Ph.D. Russell-Miller Milling Co. 
Minneapolis, Minn. Head, Vitamin and Enzyme 
Research. (2, 1936) 

Goebel, Walther F., Ph.D. The Rockefeller In- 
stitute for Medical Research, 66th St. and 
York Ave., New York City. Member. (2, 1929; 
6, 1937) 

Goerner, Alfred, Ph.G., Pharm. D., M.D. Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N. Y. Associate Professor of Bio- 
logical Chemistry. (2, 1939) 

Goettsch, Marianne, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Assistant Professor of Chemistry, 
(2, 1933; 5, 1941) 

Gold, Harry, M.D. 1300 York xWe., New York 
City. Assistant Professor of Pharmacology, 
Cornell Medical College. (3, 1927) 


Goldblatt, Harry, M.D. Western Reserve Uni- 
versity, Cleveland, 0. Professor - of Experi- 
mental Pathology, and Associate Director, In- 
stitute of Pathology. (4, 1927) 

Goldfarb, Walter, M.D. 120 Station Hospital, 
A. P. 0 . 508, New York, N. Y. Captain, M.C, 
(1, 1938) 

Goldforb, A. J., Ph.D. College of the City of 
New York, New York City. Professor of 
Biology. (1, 1930) 

Goldie, Horace, M.D., D.T.M. Lederle Labora- 
tories, Pearl River, N. Y. (6, 1943) . 
Goldring, William, M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Assistant Professor of Medicine. (1, 
1939) 

Goldschmidt, Samuel, Ph.D. University of Penn- 
sylvania Medical School, Philadelphia. Asso- 
ciate Professor of Physiology. (1, 1919; 2, 1915) 
Goldsmith, Grace A. Tulane University of 
Louisiana, New Orleans. (5, 1943) 

Goodman, Louis Sanford, M.A., M.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor of Pharmacology and Chairman of the 
Department of Pharmacology and Physiology. 
(3, 1937) 

Goodner, Kenneth, Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate. (6, 1932) 

Goodpasture, Ernest William, M.D. Vanderbilt 
University Medical School, Nashville, . Tenn. 
Professor of Pathology, (4, 1923) 

Gordon, Albert S., M.S., Ph.D. Washington 
Square College of Arts and Sciences, New York 
University, New York City. Assistant Professor 
of Biology. (I, 1942) 

Gordon, Harry H., M.D. 525 E. 68th St., New 
York City. Associate in Pediatrics, Cornell 
University Medical School; Associate Attending 
Pediatrician, New York Hospital; Medical 
Officer, U. S. Dept. Labor. (5, 1940) 

Gordon, Irving, M.D. Commission on Acute Res- 
piratory Diseases, Station Hospital ^2, Fort 
Bragg, N. C. (G, 1943) 

Gordon, William G., M.A., Ph.D. Eastern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Chestnut Hill Station, Phila- 
delphia, Pa. Chemist. . (2, 1939) 

Goss, Harold, Ph.D. University of California 
College of Agriculture, Davis. Professor of 
Animal Husbandry. (2, 1936; 5, 1933) 
Gottschall, Russell y., M.S., Ph.D. Bureau of 
Laboratories, Michigan Department of Health, 
Lansing. Bacteriologist. (6, 1939) 

Goudsmit, Arnoldus, Jr., M.D., Ph.D. 40 Roberts 
Avenue, Glenside, Pa. Medical Corps, 232 Gen- 
eral Hospital, Camp Barkeley', Texas. (1, 19-10) 
Govier, William M., M.D. Sliarp and Dolrnic, Inc., 
Glenolden, Pa. Pharmacologist — Mcdical-Rc- 
search Division. (3, 1944) 



ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


325 


Grabadd, G. Philip, M.D. 27 Forest St., Milton, 
Miiss. Associate in Mcdicinc and Pharmacology, 
Harvard Medical School. (Al prcsctit on leave of 
absence; Col. M.C., V. S. A.) (3, 1023) 

Grady, Hugh G., M.D. Fitzgcrald-Mercy Hos- 
pital. Darby, Pa. Director of Laboratories. 

(4, 1940) 

Gtaef, Irving, M.D. Now York University Col- 
lege of Medicine, New York City. Associate 
Professor of Pathology; Pathologist, Bellevue 
Hospital and New York University Clinic. 

(4, 1941) 

Graham, Clarence H., Ph.D. Brorni University, 
Providence, R. I. Professor of Psychology. 

( 1 , 19 ^) 

Graham, Helen Tredway. A.M., Ph.D. Euclid 
Ave. and Kingshighwny, St. Louis, Mo. Asso- 
ciate Professor of Pharmacology, Washington 
University School of Medicine, (1, 1933; 3, 
1931) 

Grant, R. Lorimer, M.S., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington 25, D. C. 
Pharmacologist. (2, 1938) 

Graubard, Mark, M.A., Ph.D. 3427 Oakwood Ter., 

N. W., Washington, D. C. (1, 1940) 

Grauer, Robert C., M.D. Allegheny General 
Hospital, Pittsburgh, Pa. Head of Deparlrnent 
of Research in Endocrinology and Metabolism, 
William H. Singer Memorial Research Labora- 
tory; Lecturer in Pathology, School of Medicine, 
University of Pittsburgh. (4, 1941) 

Graves. Stuart, M.D. School of Medicine, 
University of Alabama, University. Dean and 
Professor of Pathology. (G, 1918) 

Gray, John S., M.S., Ph.D. Research Division, 
School of Aviation Medicine, Randolph Field, 
Tejcas. Assistant Professor of Physiology, 
Northwestern University Medical School, 
Chicago, III. (on leave), (1, 1937) 

Gray, Samuel H., M.D. The Jewish Hospital of 
St. Louis, Kingshighway and Forest Park Blvd., 
St. Louis, Mo. Pathologist, Jewish Hospital; 
Director of Laboratories, City Hospitals; Asso- 
ciate Professor of Pathology, Washington Unt- 
versity. (4, 1939) 

Greaves, J. D.. M.S., Ph.D. 3211 S. W. 10th Ave., 
Portland, Ore. (2, 1938) 

Greaves, Joseph E., Ph.D. Utah State Agricul- 
tural College, Logan. Professor and Head of 
Department of Bacteriology and Biochemistry. 
(2. 1940) 

Greeley, Paul O., A.M., Ph.D., M.D. Univereity 
of Southern California Medical School, Univer- 
sity Park, Los Angeles. Dept, of Aviation Medi- 
cine. (1, 1940) 

Green, Arda Alden, M.D. Medical School, Wash- 
ington University, St. Iiouis, Mo. Assistant 
Professor of Biological Chemistry; Research 
Associate in Pharmacology. (2, 1932) 


Green, Daniel M., M.S., M.D. Headquarters 73rd 
Bombardment Wing, APO 171S9, c/o Postmaster, 
San Francisco, Calif. Instructor, Pharmacology 
and TherapeiUics, University of Tennessee (on 
leave) Major, 0-291385 M.C. (3, 1942) 

Green, David E., Ph.D. Department of Medicine, 
College of Physicians and Surgeons, Columbia 
University, Now York City. Associate in Bio- 
chemistry. (2, 1941) 

Green, Harold David, M.D. Western Reserve 
University, School a! Medicine, Cleveland, 0. 
Associate Professor of Physiology. (1, 1936) 
Green, Robert, M.A., M.D. 223 Millard Hall, 
University of Minnesota, Minneapolis. Profes- 
sor of Bacteriology and Immunology. (6, 1930) 
Greenberg, David Morris, Ph.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2. 1927) 

Greene, Carl Hartley, Ph.D., M.D. 140 E. 54th 
St., New York City. Associate Clinical Professor 
of Medicine, New York Posl-Groduale Medical 
School of Columbia University; Clinical Professor 
of Medicine, Long Island College of Medicine. 
(1, 1921; 2, 1922; 4, 1924) 

Greene, Charles Wilson, A.M., Ph.D. 814 Vir- 
ginia Ave., Columbia, Mo. Lecturer in Physi- 
ology, Stanford University; Professor Emeritus 
of Physiology and Pharmacology, University of 
Missouri. (1, 1900; 2, 1919; 3, 1909) 

Greene, Harry S. N., M.D., C.M. Department of 
Pathology, Yale University School of Medicine, 
New Haven, Conn. Professor of Pathology. (4, 
1937) 

Greene, James Alexander, M.D. Baylor Univer- 
sity College of Aledicine, 509 Lincoln St., Hous- 
ton, Te.vas. Professor of Medicine. (I, 1939) 
Greene, James Alexander, M.D. Baylor Univer- 
sity, College of Medicine, Buffalo Drive., Hous- 
ton, Texas. Professor and Chairman of the De- 
partment of Internal Medicine and Dean of the 
Clinical Faculty. (I, 1939) 

Greene, Ronald R., M.S., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, III. Instructor in Physiology; Instruc- 
tor in Obstetrics and Gynecology. (1, 1941 ) 
Greengard, Harry, Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Assistant Professor of Physiology. 
(1, 1939) 

Greenstein, Jesse P., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Senior Biochemist. (2, 
1935) 

Greenwald, Isidor, Ph.D. 477 First Ave., New 
York City. Associate Professor of Chemistry, 
New York University College of Medicine. 
(2, 1912; 5, 1933) 

Creep, Boy O., Ph.D. Squibb Institute for Medi- 
C!il Rese.arcli, New Brunswick, N. J. Research 
Associate in Pharmacology. (1, 1940) 


326 


FEDERATION PROCEEDINGS 


Greer, C. M., M.S. Vanderbilt University School 
of Medicine, Nashville, Tenn. Research Asso- 
ciate in Pharmacology. (3, 1938) 

Gregersen, Magnus I., A.M., Ph.D. College of 
Physicians and Surgeons, Columbia University, 
630 W. 168th St., New York City. Professor of 
Physiology. (1, 1933) 

Gregg, Donald Eaton, M.S., Ph.D. Department 
of Medicine, Western Reserve Medical School, 
2109 Adelbert Rd., Cleveland, 0. Associate 
Professor of Physiology. (1, 1933) 

Gresheimer, Esther M., Ph.D., M.D. Temple 
University Medical School, 3400 N. Broad St., 
Philadelphia, Pa. Professor ^ Physiology. (1,1925) 
Griffin, Angus, Ph.D. Department of Bacteri- 
ology, George Washington University School 
of Medicine, 1335 H St., N.W., Washington, 
D. C. Assistant Professor of Bacteriology. 
(6, 1940) 

Griffith, Fred R., Jr., M.A., Ph.D. 24 High St., 
Buffalo, N. Y. Professor of Physiology, Uni- 
versity of Buffalo Medical School. (1, 1923; 
5, 1933) 

Griffith, Wendell H., M.S., Ph.D. APO #887, 
c/o P.M., New York City. Lt. Col., Office Chief 
Surgeon, Sanitary Corps, ETOUSA. On leave as 
Professor of Biochemistry, St. Louis University 
School of Medicine. (2, 1923; 5, 1934) 

Grlmson, Keith S., M.D.* Duke University School 
of Medicine, Durham, N. C. Associate Professor 
of Surgery. •(!, 1943) 

Groat, William A., M.D. 713 E. Genesee St., 
Syracuse, N . Y. Professor of Clinical Pathology, 
Syracuse University College of Medicine. (6, 
1917) 

Gr oilman, Arthur, M.D., Ph.D. Southwestern 
Medical College, 2211 Oak Lawn Ave., Dallas, 
Texas. Professor of Experimental Medicine and 
Lecturer in Physiology and Pharmacology. (1, 
1928; 3, 1933) 

■"Gross, Erwin G., Ph.D., M.D. Medical Labora- 
■ li State University of Iowa, Iowa City. 
fessor of Pharmacology. (1, 1927; 2, 1923; 

• ' i927) 

— 'tjtross, Robert E., M.D. Harvard Medical School, 
300 Longwood Ave., Boston, Mass. Assistant 
Professor of Sxirgery. (4, 1940) 

Gruber, Charles M., A.M., M.D., Ph.D. Jeffer- 
son Medical College, 1025 Walnut St., Philadel- 
phia, Pa.. Professor of Pharmacology. (1,1914; 
3, 1919) 

Gruhzit, Oswald M., M.D. Research Laboratories, 
Parke, Davis & Co., Detroit, Mich. Research in 
Pathology and Pharmacology. (4, 1928) 
Grundfest, Harry, A.M., Ph.D. 37 Ward Ave., 
Rumson, N. J. (1, 1932) 

Gudernatsch, F., Ph.D. Graduate School, New 
York University, Washington Square E., New 
York City. Visiting Professor. (1, 1930) 


Guerrant, N. B., M.S., Ph.D, Pennsylvania 
State College, State College. Professor of 
Biological Chemistry. (2, 1934 ; 5, 1933) 

Guest, George Martin, M.S., M.D. The Chil- 
dren’s Hospital, Research Foundation, Elland 
and Bethesda Aves., Cincinnati, 0. Fellow of 
the Children’s Hospital Research Foundation; 
Associate Professor of Pediatrics, University of 
Cincinnati, College of Medicine and Graduate 
School. (2, 1933) 

Gulick, Addison, A.M., Ph.D. 308 Westmount 
Ave., Columbia, Mo. Professor of Physiological 
Chetnistry, University of Missouri. (1, 1915; 
5, 1933) 

Gunn, Francis D., M.D. University of Utah, 
School of Medicine, Salt Lake City. Professor of 
Pathology. (4, 1938) 

Gurin, S., M.S., Ph.D. University of Pennsyl- 
vania School of Medicine, Philadelphia. Assfsl- 
ant Professor in Physiological Chemistry. (2, 
1938) V 

Gustavson, Reuben G., Ph.D. University of 
Colorado, Boulder. Professor of Chemistry. 
(2, 1927) 

Gustus, Edwin L,, M.Sc., Ph.D. Banning Hall, 3445 
3Sth St., N.W., Washington 16, D. C. Research 
and Development Branch, Military Planning 
Division, OQMG, War Department, Director of 
Research. (2, 1934) 

Guthrie, Charles Claude, M.D., Ph.D., Sc.D. 
University of Pittsburgh Medical School, Pitts- 
burgh, Pa. Professor of Physiology and Phar- 
macology. (1, 1905; 3, 1909) 
de Gutierrez-Mahoney, C. G., M.D. 1032 Andalu- 
sia Ave., Coral Gables, Fla., Associate Profes- 
sor of Neurology, Vanderbilt Univ. School of 
Medicine, Nashville, Tenn., lit. Col., M.O., 
AAF., Regional Station Hospital. (1, 1940; 
4, 1941) 

Gyorgy, Paul, M.D. Babies' and Children’s 
Hospital, Western Reserve University, 2103 
Adelbert Rd., Cleveland, O. Associate Pro- 
fessor of Pediatrics. (2, 1938; 5, 1939) 

Haag, Harvey B., M.D. Medical College of Vir- 
ginia, Richmond. Professor of Pharmacology. 
(3, 1934) 

Haag, J. R., Ph.D. Oregon Agricultural Experi- 
ment Station, Corvallis. Chemist. (5, 1941) 
Hadley, Philip Bardwell, Ph.D. Institute of 
Pathology, Western Pennsylvania Hospital, 
Pittsburgh. Chief of Bacteriological Service 
and Research Bacteriologist. (4, 1927) 
Hafkesbring, H. Roberta, Ph.D. Woman’s Medi- 
cal College of Pennsylvania, East Falls, Phila- 
delphia. Associate Professor of Physiology. 
(1, 1931) 

Haggard, Howard W., M.D. 4 Hillhousc Ave., 
New Haven, Conn. Director of the Laboratory 
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oj Applied Physiology, Yale University. (1, 
1919; 2, 1920)- 

Hahn, Paul F., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Biochemistry. (4, 1939) 

Haig, Charles, M.A., Ph.D. New York Medical 
College, Flower and Fiftli A\’cnue Hospital, 
Fifth Avc. at 105th St., New York City. Assist- 
ant Professor of Physiology. (1, 1942) 

Haisl, Reginald E., M.A., M.D., Ph.D.* Univer- 
sity of Toronto, Toronto, Ontario, Canada. j4s- 
sislant Professor of Physiology. (1, 1943) 

Haldi, John, A.M., Ph.D. Emorj* University, 
Emory University, Ga. (I, 1928) 

Hale, Worth, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Phar- 
macology. (1, 1908 ; 3, 1908) 

Hale, Wm. M., M.D. The State University of 
Iowa College of Medicine, Iowa City. Professor 
of Bacteriology. (4, 1941; G, 1935) 

Hall, F. G., M.A., Ph.D. Duke University, 
Durham, N. C. Professor of Zoology. (1, 
1937) 

Hall, George Edward, M.D., Ph.D. 1st Floor 
.\nnex, Jackson Bldg., Ottawa, Can. Captain, 
R.C.A.F.; .Associate Professor, Banting Insti- 
tute, University of Toronto. (1, 1938) 

Hall, Victor E., M.A., M.D. Department of 
Physiology, Stanford University, Calif. Profes- 
sor of Physiology. (1, 1934) 

Halliday, Nellie, Ph.D. Research Laboratory, 
Mt. Zion Hospital, San Francisco, Calif. (5, 
1933) 

Halpert, Bela, M.D. University of Oklahoma 
School of Medicine, Oklahoma City. Director of 
Labopalories and Professor of Clinical Path- 
ology. (4, 1936) 

Halsey, John T., AI.D. P. O. Box 264, Waveland, 
Miss. Professor Emeritus of Pharmacology, 
Tulane University of Louisiana. (3, 1929) 
Halstead, Ward C., M.A., Ph.D. Dept, of Medi- 
cine, University of Chicago, Chicago, HI. Asso- 
ciate Professor Experimental Psychology, Divi- 
sion of Psychiatry. (1, 1942) 

Ham, Arthur W., M.B. University of Toronto, 
Toronto 5, Canada. Associate Professor of 
Anatomy, in charge of Histology. (4, 1939) 
Hambourger, Walter E., Ph.D., M.D. G. D. 
Searle & Co., P. 0. Box 5110, Chicago, HI. Chief 
Pharmacologist. (3, 1934) 

Hamilton, Bengt L. K., M.D., ScD. 826 E. 61st St., 
Cliicago, HI. (2, 1925) 

Hamilton, James B., Ph.D. University of Mis- 
souri, Dept, of Anatomy, School of Medicine, 
Columbia. Associate Professor of Anatomy. (1, 
193S) 

Hamilton, Tom S., M.S., Ph.D. 551 Old .4gricul- 
iural Building, Urbana, 111. Professor of Ani- 


mal 'Nutrition, University of Illinois. (2, 1937; 
5. 1938) 

Hamilton, W. F., Ph.D. University of Georgia • 
School of Medicine, Augusta. Professor of 
Physiology and Pharmacology. (1, 1924) 
Hammett, Frederick S., M.S., A.M., Ph.D. 493 
Commercial St., Provincetown, Mass. Scien- 
tific Director, Lanhenau Hospital Research 
Institute, Philadelphia, Pa. (1, 1920 ; 2, 1917) ■ 
Hnmmon, William McD., MrD., M.P.H., Dr. 
P.H. 104 Lunado Way, San Francisco, Calif. 
Associate Professor of Epidemiology; Lecturer in 
Tropical Medicine; Lecturer in Nursing, (4, 
1944) 

Hampel, C, W., Ph.D. New York University 
College of Medicine, New York. N. Y. Visiting 
Professor of Physiology. (1, 1936) 

Handler, Philip, M.S., Ph.D. Duke University 
School of Medicine, Durham, N. C. Assistant 
Professor of Biochemistry and Nutrition. (2, 
1944) 

Handley, Carroll A., Ph.D. Baylor Univ. College 
of Medicine, Houston 1, Texas. Professor of 
Physiology and Pharmacology, and Acting Head 
of the Department. (3, 1942) 

Haney, Hance F., Ph.D., M.D. University of 
Oregon Medical School, Portland. Professor of 
Physiology and Head of the Department. (1, 
1939) 

Hanger, Franklin, M.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Associate Professor of Medicine, Columbia 
University. (6, 1930) 

Hanke, Martin E., Ph.D. University of Chicago, 
Chicago, HI. Associate Professor of Biochemis- 
try. (2, 1925) 

Hanke, Milton Theo., Ph.D. 7550 S. Green St., 
Chicago, HI. Research Consultant, Biochemis- 
try and Nutrition. (2, 1919) 

Hanks, John H., Ph.D. Culion, Palawan, Philip- 
pine Islands. (6, 1935) 

Hansen, Arild E., M.D. University of Texas Medi- 
cal School, Galveston. Professor of Pediatrics and 
Chairman of the Department; Director of the 
University of Texas Child Health Program. 
(4. 1941; 5, 1942) 

Hanzal, Ramon F., M.A., Ph.D. Elllian Research 
Laboratories, 49 WL 45th St., New York City. 
Biochemist. (2, 1935) 

Hanzlik, Paul J., A.M., M.D. School of Medicine, 
Stanford University, Sacramento and Webster 
Sts,, San Francisco, Calif. Professor of Phar- 
macology. (1, 1912; 3, 1912) 

Hardy, James Daniel, AM., Ph.D. Russell 
Sage Institute of Pathology, 525 E. 68th Si., 
New York City. Research Associate. (1, 1939) 
Hardy, Mary, D.Sc. The Brearley School, 610 
E. S3rd St., New York City. Teacher of Science. 
(1, 1933) 
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Hare, ^endrick, Ph.D. State University of Iowa, 
Iowa City. Assistant Professor of Anatomy. 
(1, 1938) 

Harger, R. N., M.A., Ph.D. Indiana University 
School of Medicine, Indianapolis. Professor of 
Biochemistry and Toxicology. (2, 1938) 

Harkins, Henry Nelson, M.S., Ph.D., M.D. Johns 
Hopkins Hospital, Baltimore, Md, Associate 
Professor of Surgery, Johns Hopkins University 
Medical School. (1, 1942) 

Harmon, Paul M., A.M., Ph.D. Indiana Univer- 
sity, Bloomington. Professor of Physiology. 
(1, 1930) 

Harne, O. G. University of Maryland School of 
Medicine, Baltimore. Associate Professor of 
Histology. (1, 1935) 

Harned, Ben King, M.S., Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Research Pharmacolo- 
gist. (2, 1931; 3, 1941) 

Harris, Albert H., 2nd, M.D. Loudenville, N. Y. 
(6, 1937) 

Harris, Albert Sidney, Ph.D. Western Reserve 
University School of Medicine, Cleveland, O. 
Assistant Professor of Physiology. (1, 1939) 
Harris, Milton, Ph.D. National Bureau of Stand- 
ards, Washington, D. C. Director of Research, 
Textile Foundation Research Associateship. 
(2, 1939) 

Harris, Robert S. Massachusetts Institute of 
Technology, Cambridge. Assistant Professor of 
Nutritional Biochemistry. (5, 1941) 

Harris, William H., M.D. Tulane University 
School of Medicine, New Orleans, La. Assistant 
Professor of Pathology and Bacteriology. (4, 
1925) 

Harrison, Frank, M.S., Ph.D. University of 
, Tennessee College of Medicine, Memphis. 
Assistant Professor in Anatomy. (1, 1941) 
Harrison, Ross Granville, M.D., Ph.D., Sc.D. 

Osborn Zoological Laboratory, New Haven, 
-. Conn. Sterling Professor of Biology, Emeritus, 
ale University; Chairman of the National 
i - 'u. Council; Member of the National Acad- 
, y of Sciences. (1, 1906) 

- ■=!on, R. Wendell, M.S., Ph.D. Ricketts 

Laboratory, University of Chicago, Chicago, 111. 
Associate Professor of Bacteriology. (6, 1934) 
Harrop, George A., M.D. The Squibb Institute 
for Medical Research, New Brunswick, N. J. 
Vice-President and Director of Research, E. R. 
Squibb and Sons. (2, 1922) 

Harrow, Benjamin, M.A., Ph.D. College of the 
City of New York, Cpnvent Ave. and 139th St., 
New York City. Professor of Chemistry. (2, 1927) 
Hart, E. B., B.S. Agricultural College, Madison, 
Wis. Professor of Biochemistry, University of 
TFfsconsin. (2, 1910; 5, 1933) 

Hart, E. Ross, M.S., Ph.D. Jefferson Medical Col- 
lege, 1025 Walnut St., Philadelphia, Pa. Assistant 
Professor of Pharmacology. (3, 1944) 


Hartley, Geo., Jr., M.A., Ph.D., M.D. Boston 
University School of Medicine, 80 E. Con- 
cord St., Boston, Mass. Assistant Professor of 
Pathology. (4, 1941; 6, 1941) 

Hartline, H. K., M.D. Johnson Foundation, 
University of Philadelphia, Philadelphia, Pa. 
Assistant Professor of Biophysics. (1, 1929) 
Hartman, Carl G., A.M., Ph.D. Department of 
Zoology, University of Illinois, Urbana. Pro- 
fessor of Zoology and Head of the Department; 
Member, National Academy of Sciences. {1, 
1921) 

Hartman, Frank Alexander, A.M., Ph.D. Depart- 
ment of Physiology, Ohio State University, 
Columbus. Professor of Physiology and Chairman 
of the Department. (1, 1916) 

Hartman, F. W., M.D. Henry Ford Hospital, 
Detroit, Mich. Pathologist. (4, 1927) ' 
Hartmann, Alexis F., M.S., M.D. 500 S. Kings- 
highway, St. Louis, Mo. Professor of Pediatrics, 
Washington University School of Medicine, 
(2, 1932) 

Harvey, E. Newton, Ph.D. Guyot Hall, Prince- 
ton, N. J. Henry Fairfield Osborn Professor of 
Biology, Princeton University; Member, Na- 
tional Academy of Sciences. (1, 1914; 2, 1916) 
Hass, George, M.D. Major, M.C. AAF School of 
Aviation Medicine, Randolph Field, Texas. 
Chief, Department of Pathology. (4, 1939) 
Hastings, A. Baird, Ph.D., Sc.D. Harvard Medi- 
cal School, Boston, Mass. Hamilton Kuhn 
Professor of Biological Chemistry; Member, 
National Academy of Sciences. .(L 
2, 1921; 5, 1940) 

Haterius, Hans O., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Professor 
of Physiology. (1, 1936) 

Hauck, Hazel M., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Home Economics. 
(5, 1941) . ' 

Hauge, Siegfred M., Ph.D. Purdue University 
Agricultural Experiment Station, Lafayette, 
Ind. Research Associate in Biochemistry, t®, 
1933) ' ' 

Haury, Victor G., M.D. 206 Cedar Croft .4.ve., 
Audubon, N. J. (3, 1939) 

Haven, Frances L., M.A., Ph.D. University o 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate in Biochemistry. (2, 1941) 

Hawk, Philip B., M.S., Ph.D. 750 West SOth bt., 
Miami Beach, Fla. President, Food Researc 
Laboratories, Inc. (1, 1903 ; 2, 1906) 

Hawkins, J. E., Jr., B.A. (O.von), Ph.D.* Harvard 
Medical School, Boston, -Mass. Instructor m 
Physiology. (1, 1943) . 

Hawkins, William Bruce, M.D. Universi y 
Rochester School of Medicine and Dcntis r , 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
date Professor of Pathology. (A* 1933) 
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Hawks, Jean E. Division of Home Economics, 
Michigan State College, East Lansing. Assoc. 
Profesior of Nutriiton. (5, 1944) 

Hawley, Estelle E., Ph.D. Medical School, Uni- 
versity of Rochester, Rochester, N, Y. Research 
Fellow in Pediatrics. (5, 1935) 

Hayman, J. M., Jr., M.D. Lakeside Hospital, 
Cleveland, 0. Professor of Clinical Medicine 
and Therapeutics, Western Reserve University. 
(1, 192S-,3. 1932) 

Haynes, Florence W., M.A., Ph.D. Harvard 
Medical School, 25 Shattuck St., Boston, Mass. 
Research Fellow in Medicine. (1, 1937) 

Haythorn, Samuel R., M.D, Allegheny General 
Hospital, 320 E. North Ave., Pittsburgh, Pa. 
Director of William H. Singer Memorial Labora^ 
iory. (4, 1925) 

Haywood, Charlotte, A.M., Ph.D. Mount Hol- 
yoke College, South Hadley, Mass. Professor 
of Physiology. (1, 1939) 

Hazen, Elizabeth L., M.A., Ph.D. New York 
State Department of Health Laboratories, 339 
E. 25th St., New York City. Senior Bacteriolo- 
gist. (6, 1931) 

Hazleton, Lloyd W., Ph.D. The George Washing- 
ton University, School of Pharmacy, Washington- 
D. C. Assistant Professor of Pharmacology. (3, 
1944) 

Heard, R. D. H., M.A,, Ph.D. Dalhousie Uni- 
versity, Halifax, Nova Scotia. Assistant Pro- 
fessor of Biochemistry. (2, 193S) 

Hecht, Sellg, Ph.D. Columbia University, New 
York City. Professor of Biophysics. Member, 
h alional Academy of Sciences. (1, 1920) 

Heft, Hattie L., Ph.D. Teachers College, Colum- 
bia University, New York City. Assistonf 
Professor of Physiological Chemistry . (2, 1927) 
Hegnauer, Albert H., Ph.D. Syracuse Univer- 
sity, Syracuse, N. Y. Assistant Professor of 
Physiology. (1, 1937) 

Hegsted, David Mark, M.S., Ph.D. Schools of 
Medicine & Public Health, Harvard Univer- 
sity, 25 Shattuck St., Boston, Mass. Associate 
in Nuiriiion. (5, 1944) 

Heidelberger, Michael, Ph.D., M.A. 620 W. 
16Sth St., New York City. Associate Professor 
of Biological Chemistry, Columbia University; 
Chemist to the Medical Service, Presbyterian Hos- 
pital. (2, 1927; 6, 1935) 

Heilbrunn, Lewis Victor, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Zo- 
o\m. (1, 1930) 

Heim, J.Winiam, Ph.D. Aero-hfedical Laboratory', 
.4rmy Air Forces, Wright Field, Dayton, O. 
Senior Research Physiologist; Assistant in Phys- 
’^iagy^ Harvard School of Public Health. (1, 
1930) 

Heinbecker, Peter, M.D. Washington Univer- 
®Hy Medical School, St. Louis, Mo. Associate 
Professor of Surgery. (1, 1930) 


Heinr, O, M., M.S., Ph.D. New York University, 
University Heights, New York City. Associate 
Professor of Biology. (1, 1932) 

Hellbnum, Arthur A., M.A., Ph.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Assistant Professor of Physiology. (1, 1937) 
Hellebrandt, Frances Anna, M.D. Medical Col- 
lege of Virginia, Richmond. Professor of Physical 
Medicine. (1, 1933) 

Heller, Victor G., Ph.D. Oklahoma A. & M. 
College, Stillwater. Professor and Head of the 
Department of Agricultural Chemistry Research. 
(2, 1935; 5, 1935) 

Hellerman, Leslie, Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
St., Baltimore, Md. Associate in Physiological 
Chemistry. (2, 1935) 

Helmer, Oscar Marvin, M.S., Ph.D. Lilly Labo- 
ratory for Clinical Research, The Indianapolis 
City Hospital, Indianapolis, Ind. Head of 
Department of Physiological Chemistry; Research 
Associate in the Department of Medicine, Indiana 
University School of Medicine. (2, 1935) 
Hemingway, Allan, Ph.D. 210 Millard Hall, 
University of Minnesota, Minneapolis. Assist- 
ant Professor of Physiological Chemistry; Tem- 
porarily at School of Aviation Medicine, 
Randolph Field, Texas. (I, 1933) 

Henderson, Velyien E., M.A., M.B., P.R.S.C. 
Medical Bldg., University of Toronto, Toronto, 
Ont., Canada. Professor of Pharmacology and 
Pharmacy. (1, 1905; 3, 1911) 

Hendrix, Byron M., Ph.D. School of Medicine, 
University of Texas, Galveston. Professor of 
Biochemistry. (2, 1920) 

Hendrix, James Paisley, M.A., M.D. Duke 
Hospital, Durham, N. C, Associate in Medicine 
(in charge of Therapeutics); Associate in Physi- 
ology and Pharmacology, Duke University School 
of Medicine. (3, 1942) 

Hendry, Jessie L., M.A. Division of Laboratories 
and Research, New York Slate Department of 
Health, New Scotland Ave., Albany. Senior 
Bacteriologist. (6, 1938) 

Henle, Werner, M.D. University of Pennsyl- 
vania, Philadelphia. Assistant Professor of 
Bacteriology in Pediatrics. (G, 1938) 

Henschel, Austin F., Ph.D.* University of Minne- 
sota, Minneapolis. Physiologist, U. S. War Dept. 
(QMC), and Instructor in Physiology, University 
of Minnesota. (1, 1944) 

Hepburn, Joseph Samuel, A.M., M.S., Ph.D., 
M.D. 235 N. 15th St., Philadelphia 2, Pa. Pro- 
fessor of Chemistry and Research Associate in 
Gastro-Enlerology, Hahnemann Medical College 
and Hospital. (2, 1915) 

Hepler, Opal E., Ph.D., M.D. Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, 111. Assistant Professor of Pathology. 
(4, 1939) 
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Herbst, R. M., Ph.D. 39 Knollwood Road, Short 
Hills, N. J. Director of Research, E. Bilhuber, 
Inc., Orange, N. J. (2, 1938) 

Herrick, C. Judson, Ph.D. 236 Morningside 
Drive, Grand Rapids, Mich. Professor Emeri- 
tus of Neurology, University of Chicago; Member 
of the National Academy of Sciences. (1, 1907) 
Herrick, Julia F., M.A., Ph.D. 175 Chelsea Ave., 
Long Branch, N. J. Mayo Foundation, Rochester, 
Minn. (1, 1933) 

Herrin, Raymond C., Ph.D., M.D. University of 
Wisconsin Medical School, Madison. Associate 
Professor of Physiology. (1, 1932) 

Herrington, Lovic P., M.A., Ph.D. 290 Congress 
Ave., New Haven, Conn. Associate Director, 
John B. Pierce Laboratory of Hygiene; Research 
Associate Professor, Dept, of Public Health, 
Yale Medical School. (1, 1942) 

Harriott, Roger M., Ph.D. Rockefeller Institute 
for Medical Research, Princeton, N. J. Asso- 
ciate. (2, 1940) 

Herrman, George, Ph.D., M.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Medicine. (4, 1925) 

Herrmann, Julian B., M.D. Yale School of 
Medicine, New Haven, Conn. Research Assist- 
ant in Pharmacology. (3, 1941) 

Herrmann, Louis George, M.D. Cincinnati Gen- 
eral Hospital, Cincinnati, 0. Associate Pro- 
fessor of Surgery, University of Cincinnati 
College of Medicine. (4, 1933) 

Jershey, A. D., Ph.D. Washington University 
School of Medicine, St. Louis, Mo. Assistant 
Professor of Bacteriology and Immunology, 
(6, 1942) 

Hertig, Arthur T., M.D. Harvard University Medi- 
cal School, 221 Longwood Ave., Boston, Mass. 
Assistant Professor of Pathology and Assistant 
Professor of Obstetrics. (4, 1941) 

Hertz, Saul, M.D. Massachusetts General Hos- 
pital, Fruit St., Boston. Research Associate, 
Harvard Medical School and Massachusetts 
Institute of Technology. (4, 1935) 

Hertzman, Alrick B., Ph.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor 
of Physiology and Director of the Department. 
(1, 1925) 

Herwick, Robert P., Ph.D., M.D., LL.B. U. S, 
Food and Drug Administration, Washington, D. 

C. Chief, Drug Division, Associate Prof. Pharma- 
cology, Georgetown Medical School, Adjunct 
Clinical Professor Medicine (Therapeutics) 
George Washington Medical School. (3, 1938) 

Hess, Charles L., M.S., M.D. 308 Davidson 
Bldg., Bay City, Mich. (1, 1916) 

Hess, Walter C., Ph.D. Chemo-Medical Research 
Institute, Georgetovni University, Washington, 

D. C. Associate Research Professor. (2, 1935) 


Hetherington, Albert W., M.S., Ph.D.* North- 
western University Medical School, 303 E. Chi- 
cago Ave., Chicago, 111. Instructor in Neurology. 
(1, 1943) 

Hewitt, Earl Albon, M.S., Ph.D. Iowa State 
College, Ames. Associate Professor of Veter- 
inary Physiology. (1, 1932) 

Hewitt, Julia A. W., B.A. Nassau Hospital, 
Mineola, N. Y.' Senior Technician, in charge. 
(6, 1921) 

Heyroth, Francis F., M.D., Ph.D. Kettering 
Laboratory, College of Medicine, University of 
Cincinnati, Cincinnati, 0. Assistant Professor 
of Applied Physiology. (2, 1935) 

Hiatt, Edwin P., M.A., Ph.D. North Carolina Uni- 
versity School of Medicine, Chapel Hill. As- 
sociate Professor of Physiology and . Pharma- 
cology. (1, 1942) 

Hickman, Kenneth C. D., Ph.D. Distillation 
Products, Inc., 755 Ridge Road W-, Rochester, 
N. Y. Vice-President and Director of Research. 
(2, 1944) 

Higgins, Harold Leonard, M.D. 322 Franklin, 
Newton, Mass. Assisiont Professor of Pediatrics, 
Harvard University. (I, 1914; 5, 1933) 

Hill, Edgar S., M.S., Ph.D. Washington Uni- 
versity, College of Dentistry, St. Louis, Mo. 
Associate Professor of Biological Chemistry and 
Physiology. (2, 1936) 

Hill, Robert M., M.S., Ph.D. 4200 E. 9th Ave., 
Denver, Colo. Associate Professor of Biochem- 
istry, University of Colorado Medical School. 
(2, 1933) 

Hill, Samuel E., M.A., Ph.D. Russell Sage' Col- 
lege, Troy, N. Y. Professor of Biology. (U 
1934) 

Hiller, Alma, Ph.D. Rockefeller Institute for 
Medical Research, 66th St. and York Ave., 
New York City. Associotc. (2, 1929) 

Himmelsbach, C. K., M.D. Division of Physiology, 
U. S. Public Health Service, National Institute 
of Health, Washington, D. C. Passed Assistant 
Surgeon. (3, 1938) 

Himwich, Harold E., M.D. Albany Medical 
College, Albany, N. Y. Professor of Physiology 
and Pharmacology. (1, 1925; 5, 1933) 

Hines, Harry M., M.S., Ph.D. The State Uni- 
versity of Iowa, Iowa City. Professor of Physi- 
ology. (1, 1928) 

Hines, Marion, Ph.D. Johns Hopkins Medical 
School, Baltimore, Md. Associate Professor of 
Anatomy. (1, 1932) 

Hinrichs, Marie, Ph.D., M.D. Southern Illinois 
Normal University, Carbondale. Associate Pro- 
fessor of Physiology; Head of Student Health 
Service. (1, 1928) 

Hinsey, Joseph C., M.S., Ph.D. Cornell Univer- 
sity Medical College, 1300 York Ave., New Aork 
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Citv. Professor of Analomi/ and Dean of the 
ikdical College. (I, 1929) 

Hisaw, Frederick L., A.M., Ph.D. Tlio Biological 
Laboratories, Harvard University, Cambridge 
Mass. Professor of Zoology. (1, 1932) 

Hitchcock, David 1., Ph.D. 333 Cedar St., New 
Haven, Conn. Associate Professor of Physiol- 
ogy, Yale Unh'CTsiiy. (2, 1930) 

Hitchcock, Fred A., M.Sc., Ph.D. Ohio State 
University, Columbus. Associate Professor of 
Physiology. (1, 1927; 5, 1933) 

Hitchings, George H., M.S., Ph.D. 17 Priscilla 
Ave., Tuokahoe, N. Y. Biochemist, Bttrrovghs, 
IFcliconic & Co. (2, 1942) 

Hjotl, AxelM.,M.D.,Ph.D. P. 0. Box 281, 14 Fern 
5Vay,Scatsdale,N. Y. Adjunct Physician, Grass- 
lands Hospital, Valhalla, N. Y. (2, 1925) 
Hoagland, Charles L., M.D. Rockefeller Insti- 
tute, C6th St. and A^ark Ave., New T'ork City. 
-Issociatc Member. (G, 1940) 

Hoagland, Hudson, AI.S., Ph.D. Worcester State 
Hospital, Worcester, Mass. (1, 1932) 

Hober, Rudolf. University of Pennsylvania Medi- 
cal School, Philadelphia. Visiting Professor of 
Physiology. (1, 1936) 

Hodes, Robert, Ph.D. Johnson Foundation, Uni- 
versity of Pennsylvania, Philadelphia. Johnson 
Foundation Fellow in Medical Physics. (1, 
1941) 

lodge, Harold C., Ph.D . University of Rochester 
School of Medicine and Dentistry, Rochester, 
X. Y. Associate Professor of Biochcmislry 
and Pharmacology. (2, 1937) 
lofT, Ebbe Curtis, M.A., Ph.D. Department of 
Physiology, ATale University School of Medicine, 
333 Cedar St., New Haven, Conn. (1, 1933) 
loff, Hebbel E., M.A., Ph.D. McGill University, 
Montreal, Quebec, Canada. Professor of PAys- 
’0%. (I, 1933) 

doBman, Olive, M.S., Ph.D. Presbyterian Hos- 
PiW, SI N. 39th St., Philadelphia, Pa. (1, 1935) 
tt^man, William Samuel, Ph.D., M.D. 629 S. 
"OodSt,, Chicago, 111. Acting Director of Labora- 
tories and Acting Director of the Hektoen Insti- 
tute for Medical Research, Cook County Hospital. 
(2. 1935) 

Albert G., A.M., Ph-.D. 105 Schweitzer 
Columbia, Mo. Professor of Animal 
‘ ntriiion, XJnivcrsiiy of Missouri. (2, 1916; 
1933) 

H^ncss, Thorfin R., Ch.E., Ph.D. Departmentof 
Chemistry, University of Chicago, Chicago, HI. 
^ ^ofessor of Chemistry. (2,1941) 

Holok, Harald G. O., Ph.D. College of Pharmacy, 
I'iversity of Nebraska, Lincoln. Associate Pro- 
/cjsor of Pharmacology. (1, 1935; 3, 1938) 
Hollander, Franklin. Ph.D. Mount Sinai Hos- 
P'tal, Fifth Avo. and 100th St., New Aork City. 


Associate in Physiology; Head, Gastro-Enlcr- 
ology Research Laboratory. (I, 1942; 2, 1932) 
Holman, Russell Lowell, M.D. University of 
North Carolina School of Medicine, Chapel 
Iliil. Professor of Pathology. (4, 1940) 

Holmes, Arthur Dunham, Ph.D. Alassachuaetts 
Slate College, Amherst. Research Professor of 
Chemistry. (2, 1931 ; 5, 1933) 

Holmes, Julia O., M.S., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Nutriiwn. (2, 1942; 5, 1936) 

Holt, Joseph Paynlcr, M.S., M.D., Ph.D. Uni- 
versity of Louisville School of Medicine, 101 
W. Chestnut St., Louisville, Ky. Associate 
Professor of Physiology. (1, 1942) 

Holt, L. Emmett, Jr., M.D. 477 First Ave., New 
York 16, N. Y. (2, 1930) 

Hoobler, Icie Macy, Ph.D. 660 Frederick St.,. 
Detroit, Mich. Director of Research, Children’s 
Fund of Michigan; Associate in Nutrition^ 
Medical Staff of the Children's Hospital of 
Michigan. (2, 1925 ; 5, 1933) 

Hooker, Davenport, M.A., Ph.D. University of 
Pittsburgh School of Medicine, Pittsburgh, Pa. 
Professor of Anatomy. (1, 1920) 

Hooker, Donald R., M.S., M.D. 19 W. Chase St., 
Baltimore, Md. Lecturer in Physiological Hy- 
giene, School of Hygiene and Public Health, 
Johns Hopkins University; Managing Editor of 
American Journal of Physiology, Physiological 
Reviews and Federation Proceedings. (I, 1906; 
3, 1911) 

Hooker, Sanford B., A.M., M.D. 80 E. Concord 
St., Boston, Mass. Member, Evans MemoriaL 
(G, 1918) 

Hoppert, C. A., Ph.D. Michigan State College, 
. Bo.x 626, East Lansing. Professor of Biological 
Chemistry. (5, 1935) 

Horsfall, Frank L., Jr., M.D., C.M. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member. (6, 1937) 

Horvath, Steven M„ M.A., Ph.D.* Armored 
Forces Medic.al Research Laboratory, Ft. Knox, 
Ky. Captain, San. Corps. (1, 1943) 

Horwitt, M. K., Ph.D. Biochemical Research 
Laboratory, Elgin State Hospital, Elgin, HI. 
Director, Biochemical Research Laboratory; 
Assistant Professor, Physiological Chemistry, 
University of Illinois School of Medicine. (2 
1941) 

Hoskins, K. G., Ph.D., M.D. Harvard Medical 
School, Boston, Mass, Research Associate in 
Physiology, Harvard University; Director of 
Research, Memorial Foundation for Neuro- 
endocrine Research. (1, 1911) 

Hotchkiss, Rollin D., Ph.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
A’ork Ave., New York City. Lieut. Commander, 
Hospital Corps, USNR. (2, 1941) 
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Howard, Evelyn, A.M., Ph.D. Johns Hopkins 
School of Medicine, Baltimore, Md. Instructor 
in Physiology. (1, 1933) 

Howard, Marion E., M.D. New Haven Hospital, 
New Haven, Conn. Assistant Professor of 
Medicine, Yale School of Medicine; Associate 
Physician, New Haven Hospital and New Haven 
Dispensary. (4, 1939; G, 1937) 

Howe, Paul E., A.M., Ph.D. 2823 29th St. N.W., 
Washington, D. C. Colonel, Sanitary Corps; 
Chief, Nutrition Branch, Office of the Surgeon 
General', U. S. Army. On leave as Chief, Animal 
' Nutrition Division, and Assistant Chief, Bureau 
of Animal Industry, U. S. Department of Agri- 
culture. (1, 1913; 2, 1909; 5, 1933) 

Howe, Percy R., M.D., D.D.S. Harvard Medical 
School, Boston, Mass. Director Forsyth Dental 
Infirmary; Professor Denial SciCnees; Instructor 
in Pathology. (5, 1935) 

Howell, Katherine M., M.D. Michael Reese 
Hospital, 2900 Ellis Ave., Chicago, 111. Head 
of Departments of Bacteriology and Serology. 
(6, 1940) 

Howell, Stacey F., Ph.D. V. D. Research Labora- 
tory, U. S. Marine Hospital, Stapleton, Staten 
Island, N. Y. Chemist, U. S. Publie Health Serv- 
ice. (2, 1940) 

Howell, William H., Ph.D., M.D., Sc.D., LL.D. 
112 St. Dunstan’s Road, Baltimore, Md. Pro- 
fessor Emeritus of Physiology, Johns Hopkins 
University; Member, National Academy of 
Sciences. (1, 1887 ; 2, 1912) 

Hubbard, Roger Sanford, A.M., Ph.D> 100 High 
St., Buffalo, N. Y. Biochemist, Buffalo General 
Hospital; Professor of Applied Physiology, 
Buffalo University Medical School. (1, 1922’ 
2, 1920) 

Hubbell, Rebecca B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Assistant Biochemist. (2, 1937; 5, 1935) 
Hudack, Stephen Sylvester, M.D. U. S. Naval 
Hospital, Brooklyn, N. Y. Lt. Com. (4, 1933) 
Huddleston, Ora Leonard, M.D., Ph.D. Fitzsim- 
mons General Hospital, Denver, Colo. Major, 
MC; Instructor in Physiology, University of 
Colorado School of Medicine. (1, 1936) 

Hueper, Wilhelm C., M.D. Warner Institute for 
Therapeutic Research, 113 W. 18th St., New 
York City. Assistant Director and Principal 
Pathologist. (4, 1940) 

Huffman, C. F., M.S., Ph.D. Michigan State- 
College, East Lansing. Research Professor and 
Associate Professor in Dairy Husbandry. (5, 
1937) 

Huggins, Charles Brenton, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1932), 

Hughes, Joseph, M.D. Ill N. 49th St., Phila- 
delphia, Pa. Assistant Professor of Experimen- 


tal Neurology, Graduate School of Medicine, ^ 
University of Pennsylvania; Director of Lahore- ■ 
tory, Pennsylvania Hospital for Mental Diseases. ■ 
(1, 1936) ‘ 

Hughes, Josiah Simpson, M.A., M.S., Ph.D. ; 
Kansas State College, Manhattan. Professor oj 
Chemistry. (2, 1931 ; 5, 1939) ■ 

Hughes, Thomas P., A.M., Ph.D. Rockefeller • 
Foundation, 49 W. 49th St., New York City. ■ 
Member of Staff, International Health Division. ! 
' (6, 1934) , ; 

Hulpieu, Harold R., M.A., Ph.D. Indiana Uni- ■ 
versity School of Medicine, Indianapolis. Asso- ' 
date Professor of Pharmacology. (3, 1939) 
Hunscher, Helen A., Ph.D. Western Reserve ‘ 
University, 2023 Adelbert Rd., Cleveland, 0. p 
Head of Department of Home Economics. (5i J' 
1934) i,': 

Hunt, Reid, M.D. , Ph.D., Sc.D. Harvard Medical 
School, Boston, Mass. Professor Emeritus oj 
Pharmacology, Harvard University; Member, '> 

National Academy of Sciences. ■ (I, 1895; 2, ‘i 
1906; 3, 1908) ‘ 

Hunter, Andrew, M.A., M.B., F.R.S.C. , Univer- 
sity of Toronto, Toronto, Canada. Professor oj , ; 
Pathological Chemistry. (2, 1908) \ 

Hunter, George, M.A., D.Sc., F.R.S.C. Univer- 
sity of Alberta, Edmonton, Canada. Professor < 
of Biochemistry, (2, 1924) ^ 

Hunter, Jesse E.', M.S., Ph.D. Allied Mills, J 

Inc., 7500 S. Adams St., Peoria, 111. Director 
Biological Research. (5, 1936) 

Hussey, Raymond, M.D. Homewood Apart- I 

ments, Baltimore, Md. (4, 1927) * 

Ingalls, Mabel S„ Ph.D. 1218 Bank St., N. W., ; 

Wasliington 7, D. C. (G, 1940) 

Ingle, Dwight J., M.S., Ph.D. The Upjohn Co., ! 

Research Department, Kalamazoo, Mich, v Up- 
john Research Fellow. - (1, 1939) ' ; 

Ingraham, Raymond Clifford, Ph.D. College of 
Medicine, University of Illinois, 1853 W. Polk 

St., Chicago. Assistant Professor in Physiology- 

(1, 1938) . 

Ingram, W. R., Ph.D. College of Medicine, Ihe 
State University of Iowa, Iowa City. Professor 
and Head of the Department of Anatomy. (1, 
1936) 

Irvin, J. Logan, Ph.D. Johns Hopkins Universi y 
School of Medicine, 710 N. Washington St., 
Baltimore, Md. Associate in Physiological Chem 


isiry. (2, 1942) , 

[rving, Laurence, A.M., Ph.D. Swarthmore 
lege, Swarthmore, Pa. Professor of xpert 
menial Biology. (1, 1927) 

Twin, Marian, Ph.D. The Rockefeller ns i u 
for Medical Research, New York City. « 
date in the Division of General Physiology- 


(1, 1927) 
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Irwin, M. R.,' Ph.D. Department of Genetics, 
University of Wisconsin, Madison. Professor of 
Genetics. (G, 1936) 

Isaacs, Raphael, M.D. 10-1 S. Miclugan Avc., 
Suite 630, Chicago 3, 111. Director, Department of 
Hematology, Michael Reese Hospital. (4, 192S) 
Isenbcrgcr, R. M., M.A., M.D, University of 
liansas School of Medicine, Kansas City. Pro- 
fessor of Pharmacology. (3, 1937) 

Ivy, Andrew C., Ph.D., M.D. 303 E. Chicago 
Ave., Chicago, 111. Nathan Smith Davis Pro- 
fessor of Physiology and Professor of Pharma- 
cology, Northwestern University Medical School. 
{1, 1919; 5, 1933) 

Izqnierdo, J. Joaquin, M.D. National School of 
Medicine, Mexico City. Professor of Physiology 
in the National Sehool of Medicine and the Es- 
cuela Medico Militar of Mexico. (1, 1928) 

Jackson, Dennis Emerson, A.M., Ph.D., M.D. 
University of Cincinnati Medical School, Eden 
and Bethesda Aves., Cincinnati, 0. Professor 
of Pharmacology. (1, 1910; 3, 1912) 

Jackson, Eugene L., Ph.D, Emory University, 
Ga. .Issociaic Professor of Pharmacology, Chair- 
man, Department of Pharmacology. (3, 1942) 
Jackson, Richard W., Ph.D. Eastern Regional 
Research Laboratory, U. S. Department of 
Agriculture, Wyndmoor, Pa. Chief of Protein 
Division. (2, 1930; 5, 1933) 

Jacobs, Merkel Henry, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Gen- 
eral Physiology; Metnber of the National Academy 
of Sciences. (1, 1919) 

Jacobs, Walter A., A.M., Ph.D. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member; Member, National Academy of 
Sciences. (2, 1908; 3, 1913) 

Jacobson, Edmund, Ph.D., M.D. Laboratory for 
Clinical Physiology, 310 S. Michigan Ave., 
CHcago, 111. (1, 1929) 

Jaffe, Henry L., M.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Director of Laboratories. (4, 1925) 

Jahn, Theodore Louis, Ph.D.* State University of 
Iowa, Iowa City. Associate Professor of Zoology. 
(1, 1944) 

Jamieson, Walter A., Sc.D.fhon.). Eli Lilly & 
Company, Indianapolis, Ind. Director, Bio- 
logical Division. (G, 1927) 

•laques, L. B., M.A., Ph.D.* University of To- 
mato, Toronto 5, Canada. Assistant Professor, 
Depl.of Physiology. (1; 1943) 

Jasper, Herbert H., M.A., Ph.D., D. fis Sei. 
Montreal Neurological Institute, 3801 University 
“t-, Montreal, Quo., Canada. Lecturer in Neu- 
^oeketrography and Director of Department of 
^iKtrophysiology. (1, 1940) 

®ans, P. c., M.D. State University of Iowa, 
cna City. Professor of Pediatrics. (S, 1937) 


Jensen, H,, Ph.D. Dos Bergers-Bismol Labs. 338 
St. Paul St., W. Montreal, Quo., Canada. Direc- 
tor of Research. (2, 1929) 

Jobling, James W,, M.D. Columbia University, 
630 W. 168th St., New York City. Professor of 
Pathology. (4, 1913) 

Jochim, Kenneth E., Ph.D. Michael Reese 
Hospital, 29th and Eilis Ave., Chicago, HI. 
Research Associate, Cardiovascular Dept. (1, 
1942) 

Johlin, J. M., Ph.D., D.Sc. Vanderbilt Univer- 
sity School of Medicine, Nashville, Tenn. 
Associate Professor of Biochemistry. (2, 1928) 
Johnson, Charles C., M.D. 208 South 8th East, 
Apt. 9, Salt Lake City, Utah. (3, 1929) 
Johnson, Frank H., A.M., Ph.D. Princeton 
University, Princeton, N. J. Assistant Pro- 
fessor, Dept, of Biology. (1, 1942) 

Johnson, Joseph L., Ph.D., M.D. School of 
Medicine, Howard University, Washington, 
D. C. Professor and Head of the Department of 
Physiology. (1, 1934) 

Johnson, J. Raymond, Ph.D. Long Island College 
of Medicine, 350 Henry St., Brooklyn, N, Y. 
Assistant Professor of Physiology and Phar- 
macology. (1, 1938) 

Johnson, Marvin J., M.S., Ph.D. University of 
Wisconsin, Madison. Associate Professor of 
Biochemistry. (2, 1941) 

Johnson, Robert E., M.D., D. Phil.* Harvard Fa- 
tigue Laboratory, Morgan Hall, Soldiers Field, 
Boston, Mass. Assistant Professor, Industrial 
Physiology. (1, 1944; 2, 1939) 

Johnson, Treat B., Ph.D. Amity Road, Bethany, 
Westville P. 0., Conn. Sterling Professor of 
Chemistry, Yale University; Member, National 
Academy of Sciences. (2, 1910) 

Johnson, Victor, Ph.D., M.D. 5807 Dorchester 
Ave., Chicago, 111. Associate Professor of 
Physiology; Dean of Students in the Division of 
Biology and the School of Medicine, University 
of Chicago. (1, 1933) ' 

Johnston, Charles G., M.S., M.D. Wayne Uni- 
versity College of Medicine, Detroit, Mich. 
Professor of Surgery. (1, 1933) 

Johnston, Margaret W., Ph.D. Box 276, Ann Ar- 
bor, Mich. Research Associate in Internal Medi- 
cine. (2, 1930 ; 5, 1938) 

JoiniTe, Norman, M.D. 39 E. 75th St., New York, 
N. Y. (1, 1932) 

Jones, D. Breese, Ph.D. Bureau of Human Nutri- 
tion and Home Economics, Agricultural Research 
Administration, U. S. Department of Agricul- 
ture, Washington, D. C. Protein Chemist. (2, 
1920; 5, 1935) 

Jones, James H., M.S., Ph.D. School of Medi- 
cine, University of Pennsylvania, Philadelphia. 
Associate Professor of Physiological Chemistry 
(2, 1928; 5, 1933) 
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Jones, Kenneth K., M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Associate Professor of Physiology 
and Pharmacology. (1, 1936) 

Jones, Lloyd R., M.S., Ph.D. 1402 S. Grand 
Blvd., St. Louis, Mo. Associate Professor and 
Chairman of Department of Bacteriology, Si. 
. Louis University School of Medicine. (6, 1933) 
Joslin, Elliott P., M.A., M.D. New; England 
Deaconess Hospital, 81 Bay State Rd., Boston, 
Mass. Director, George F. Baker Clinic. (5, 
1933) 

Jukes, Thomas Hughes, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Associate Director, 
Pharmaceutical Division. (2, 1935 ; 5, 1938) 
Jung, Frederic Theodore, Ph.D., M.D. North- 
western University Medical School, Chicago, 111. 
Assistant Professor of Physiology and Phar- 
macology. (1, 1930) 

Jungeblut, Claus W., M.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Professor of Bacteriology, Columbia University. 
(4, 1929; G, 1926) 

Eabat, Elvin A., A.M., Ph.D. The Neurological 
Institute, 710 W. 168th St., New York City. 
Research Chemist. (2, 1940; 6, 1943) 

Eabat, Herman, Ph.D., M.D. National Institute 
of Health, Bethesda, Md. Pharmacologist. (1, 
1941) 

Eahn, Reuben L., Sc.D., LL.D. University of 
Michigan Hospital, Ann Arbor. Director of Clini- 
cal Laboratories. (4, 1934; 6, 1919) 

Ealckar, Herman M., M.D., Ph.D. Department of 
Nutrition and Physiology, Public Health Re- 
search Institute of the City of New York, Foot 
of East 15th St., New York City. Research Asso- 
ciate. (2, 1942) 

Kamm, Oliver, M.S., Ph.D. Research Labora- 
tory, Parke, Davis & Co., Detroit, Mich. Scien- 
tific Director. (2, 1928) 

Karpovich, Peter V., M.D., M.P.E. School of 
Aviation Medicine, Randolph Field, Texas. 
Senior Physiologist, Research Section. (1, 1942) 
Karr, Walter G., Ph.D. Smith, Kline & French 
Laboratories, Delaware Ave. & Poplar St., 
Philadelphia 23, Pa. Director of the Research 
Laboratories; Assistant Professor of Physiolog- 
ical Chemistry, University of Pennsylvania; Con- 
sulting Biochemist to the Medical Clinic of the 
University Hospital, Bryn Mawr Hospital, 
Abington Memorial Hospital. (2, 1925) 

Karshan, Maxwell, Ph.D. Department of Bio- 
logical Chemistry, Columbia University, 630 W. 
16Sth St., New York City. Associate Professor 
of Biochemistry. (2, 1939) 

Karsner, Howard T., M.D. Western Reserve 
University, 2085 Adelbcrt Rd., Cleveland, O. 
Professor of Pathology; Director of the Institute 
of Pathology. (A> 1913 ; G, 1925) 


Katz, Gerhard, M.D. Tulane School of Medicin 
New Orleans, La. Assistant Professor of Pha 
macology. (3, 1937) 

Katz, Louis Nelson, A.M., M.D, 2900 Ellis Ave 
Chicago, 111. , Director of Cardiovascular E 
search, Michael Reese Hospital; Professorit 
Lecturer in Physiology, University of Chicago 
(1, 1924) 

Katzman, Philip A., Ph.D. St. Louis Universit 
School of Medicine, 1402 S. Grand Blvd., Si 
Louis 4; Mo. Assistant Professor of Biochemk 
try. (2, 1935) 

Kaulbersz, Jerzy, Ph.D., M.D.* Wayne Uni 
versity College of Medicine, 1512 St. Antein 
St., Detroit, Mich. Research Associate in Burger 
and Research Physiology. (1, 1944) 

Kay, H, D., Ph.D., D.Sc. National Institut 
for Research in Dairying, Shinfield, near Read 
ing, England. Director, Research Professor o 
Biochemistry, University of Reading. (2, 1930 
Keeton, Robert W., M.S., M.D. University o 
Illinois College of Medicine, 1853 W. Polk St. 
Chicago. Professor of Medicine. (1, 1916 
3, 1924) 

Kehoe, Robert A., M.D. Kettering Laborator; 
of Applied Physiology, College of Medicine 
University of Cincinnati, Eden Ave,, Cincinnati 
0. Research Professor of Physiology. (L 1910, 
Keith, Norman M., M.D. Mayo Clinic, Roches 
ter, Minn. Consulting Physician, Division o. 
Medicine, Mayo Clinic; Professor of Medicine 
Mayo Foundation, University of Minnesota 
(1, 1920; 3, 1932; 4, 1924) 

Keith, T. B,, Ph.D. Pennsylvania State College 
State College. Assistant Professor of Anima 
Husbandry. (5, 1941) 

Keller, Allen D., Ph.D. Baylor Collegeof Medicine, 
Houston, Texas. Professor of Physiology; Chair- 
man of Department of Physiology and Pharma- 
cology. (1, 1931) 

Kelser, Raymond A,, Ph.D. 17 Oxford St., Chevy 
Chase, 15, Md. Brig. General, U. S. Army. (4i 
1932) 

Kelsey, F. Ellis, Ph.D, University of Chicago, 
Chicago, 111. Research Associate (Instructor) rn 
Pharmacology. (3, 1941) 

Kelsey, Frances Kathleen O., M.S,, Ph.D, Uni- 
versity of Chicago, Chicago, BI. Research Assist- 
ant in Pharmacology. (3, 1941) 

Kempner, Walter, M.D. Duke University School 
of Medicine, Durham, N. C. Assistant Pro- 
fessor of Medicine.' (1, 1940) 

Kendall, Edward C., M.S., Ph.D., D.Sc. 6^7 
Eighth Ave., S.W., Rochester, Minn. Professor 
of Biochemistry, Mayo Foundation, ^ 

of Minnesota. (1, 1916 ; 2, 1913 ; 4, prior to 1920} 
Kendall, Forrest' E., Ph.D. 240-0G-53rd Ave. 
Douglaston, Long Island, N. Y. Assistant / ro- 
fessor of Biochemistry, Research Service, o 
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lumbia Division, Goldicalcr Memorial Hospital, 
Welfare Island, N. V. '(6, 194S) 

Kennard, Margaret A., M.D. Psychiatric Division, 
Bellevue Hospital, First Avc. & 30th St., Now 
York City. (1, 1934) 

Kennedy, Cornelia, M.A., Ph.D. Snyder Hall, 
University Farm, St. Paul, Minn. Associate 
Professor of Agricultural Biochemistry, Uni- 
rersity of Minnesota; Assistant Chemist, Minne- 
sota Experiment Station. (2, 1924; 5, 1934) 
Kennedy, Robert P., AI.D. Ivnollwood Drive, 
R. B. {, Rochester, N. Y. (4, 1929) 

Kenton, Harold B., Ph.D. New England Dea- 
coness Hospital, Boston, Mass. Bacteriologist 
and Director of the Blood Bank. (6, 1934) 

Kenyon, Allan T., M.D. University of Chicago, 
Division of Biological Sciences, 950 E. 59th St., 
Chicago, 111. Assistant Professor of Medicine. 
3, 1940) 

Keresztesy, John C., M.A., Ph.D. Merck& Com- 
pany, Inc., Rahway, N. J. Head, Nntrilional 
Eesearch Laboratory. (2, 1941) 

Kerr, Stanley E., Ph.D. Near East College Asso- 
ciation, 50 W. 50th St., New Y'ork City. Pro- 
fessorof Biological Chemistry, American Univer- 
sity of Beirut, Beirut, Syria, Republic of Leb- 
anon. (2, 1937) 

Kerr, Wm. J„ M.D. University of California 
Hospital, Third and Parnassus Aves., San Fran- 
cisco. Professor of Medicine, University of 
California; Physician-in-Chief, University of 
California Hospital. (3, 1930) 

Kesten, Homer D., M.D. College of Physicians 
and Surgeons, Columbia University, New York 
City. Associate Professor of Pathology. (4, 
W3I) 

Keys, Ancel, M.A., Ph.D., D. Phil. Stadium South 
Toa'er, University of Minnesota, Minneapolis. 
Professor of Physical Education and Physiology. 
(1,1939 ; 2, 1936) 

Khorazo, Devorah, M.D. Apt. 4G, 4S0 \V. 187th 
St., New YYirk City. Instructor in Bacteriology, 
Columbia University, Eye Institute. {6, 1936) 
Kidd, John G., M.D. Cornell -University Medical 
(Allege, 1300 York Ave., New York City. Pro- 
fessor of Pathology; Pathologist, A'’cto York 
Pospiial. (4, 1938; 6,1937) 

Kik, M. C., Ph.D. College of Agriculture, Uni- 
'etsity of Arkansas, Fayetteville. Assistant 
Professor of Agricultural Chemistry. (5, 1942) 
Kilborn, Leslie G., M.A., M.D., Ph.D. 250 Golfdale 
Ko.id, Toronto, Ontario, Canada. (I, 1928) 
Kdlian, John Allen, A.M., Ph.D. Killian Research 
Kaboralories, Inc., 49 W. 45th St., New Y^ork 
pty. (2, 1921) 

'“E, Barry G,, M.A., Ph.D. College of Physicians 
®'<d Surgeons, Columbia University, 630 West 
dSlli St., Now York City. Assistant Professor 


of Physiology; Lieutenant, USNR, Naval Medi- 
cal Research Institute, Bethesda,' Md. (1, 1938) 
King, Charles Edwin, Ph.D. Vanderbilt Univer- 
sity, Nashville, Tenn. Associate Professor of 
Physiology. (1, 1916) 

King, Charles Glen, Ph.D. Nutrition Founda- 
tion, Inc., Chrysler Building, New York City. 
Scientific Director. (2, 1931 ; 5, 1933) 

King, Jessie Luella, Ph.D. Gouchcr College, 
Baltimore, Md. Professor of Physiology. (1, 
1914) 

King, Joseph T., M.D., Ph.D. 314 Millard Hall, 
University of Minnesota Medical School, Minne- 
apolis. Assistanl Professor of Physiology. (1, 
1931) 

King, Lester, S., M.D. The Fairfield State Hos- 
pital, Newtown, Conn. Hospital Pathologist. 
(4, 1941) 

Kinsman, Gladys M., M.A., Ph.D. University of 
Hlinois, Urbana. Prof, of Nutrition, Dept of 
Home Ec.; Chief in Nutrition, Agr. Exper. Sta. 
(5, 1944) 

Kirk, Paul L., Ph.D. University of California, 
Berkeley. Associate Professor of Biochemistry. 
(2, 1933) 

Kirkbride, Mary B., So.D. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany. Associate Director. 
(6, 1921) 

Kisch, Bruno, M.D.* 845 West End Avc., New 
York City. Professor at Yeskiva College; In 
Charge of Experimental Medicine at Beth Israel 
Hospital. (1, 1943) 

Kleiber, M., D.Sc.* University of California, 
Davis, Professor of Animal Husbandry. (1, 1943- 
5, 1933) 

Klein, J. Raymond, Ph.D. University of Illinois, 
Neuropsychiatric Institute, 912 S. Wood St., 
Chicago. Biochemist and Assistant Professor 
of Psychiatry and Physiological Chemistry. 
(2, 1941) 

Kleiner, Israel Simon, Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospitals, 
N ew York 29, N . Y. Professor of Phys iology and 
Biochemistry. (1, 1911 ; 2, 1912; 3, 1912; 5, 1933) 
Kieitman, Nathaniel, A.M., Ph.D. University 
of Chicago. Chicago, HI. Associate Professor of 
Physiology. (1, 1923) 

Klemperer, Friedrich Wilhelm, M.D., M.issachu- 
setts General Hospital, Boston, Mass. Assistant 
in Medicine. (2, 1941) 

Kletzien, Seymour W., M.S., Ph.D., 22 Lafayette 
Blvd., Williamsville, N. Y. Biochemist. (5, 1933) 
Kline, O. L., Ph.D. U. S. Department of Agri- 
culture, Food and Drug Administration, Wash- 
ington, D. C. Biochemist. (5, 1936) 

Kliiver, Heinrich, Ph.D. University of Chiwigo, 
Cliicago, III, Alcmber, Otho S. A. Sprague 
Memorial Institute. (I, 1935) ' , 



336 


FEDERATION PROCEEDINGS 


Knoefel, Peter K., M.A., M.D. University of 
Louisville, 101 W. Chestnut St., Louisville, Ky. 
Professor of Pharmacology. (3, 1934) 

Knowlton, Frank P., A.M., M.D. Syracuse Uni- 
versity College of Medicine, .Syracuse, N. Y. 
Professor of Physiology. (1, 1911) 

Knowlton, G* Clinton, Ph.D. University of Iowa, 
Iowa City. Assistant Professor of Physiology. 
(1, 1938) 

Knudson, Arthur, Ph.D. Albany Medical College, 
New Scotland Ave., Albany, N. Y. Professor of 
Biochemistry and Associate Dean. (2, 1919; 5, 
1936) 

Knutti, Ralph Eddy, M.D. University of Roch- 
ester School of Medicine and Dentistry, 260 
Crittenden Blvd., Rochester, N. Y. Assistant 
Professor of Pathology. (4, 1933) 

Kober, Philip A., B.S. Sherman Laboratories, 
Detroit, Mich. Director of Research. (2, 1912) 
Koch, Elizabeth M., M.A., Ph.D. 1534 E. 59th 
St., Chicago, 111. (2, 1925) 

Koch, Fred Conrad, M.S., Ph.D. 1534 East 59th 
St., Chicago, 111. Director of Biochemical Re- 
search, Armour and Co.; Professor of Biochem- 
istry Emeritus, University of Chicago. (2, 1912; 
5, 1933) 

Kochakian, Charles D., A.M., Ph.D. University 
of Rochester Medical School, 260 Crittenden 
Blvd., Rochester, N. Y. Assistant Professor, 
Dept, of Vital Economics. (1, 1942) 

Kocher, Rudolph Alfred, M.D. Box 926, Carmel, 
Calif. Director, Velie Metabolic Clinic. (2, 
1915) 

Koehler, Alfred E., M.D., Ph.D. 317 W. Pueblo 
St., Santa Barbara, Calif. Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital. (2, 
1924) 

Koehne, Martha, Ph.D. Ohio State Department 
of Health, 75 Eighteenth Ave., Columbus. Nu- 
tritionist. (5, 1933) 

Koepf, George F., M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Instrxcctor in 
Medicine, University of Buffalo. (1, 1942) 
Koerber, Walter L., Ph.D. E. R. Squibb & Sons, 
New Brunswick, N. J. Assistant Department 
Head. (6, 1943) 

Kohn, Henry I., Ph.D. 645 Vanderbilt Hall, Long- 
wood Ave., Boston 15, Mass. Assistant Professor 
of Physiology and Pharmacology. (1, 1940) 
Kolmer, John A., M.S., M.D., D.P.H., Sc.D., 
LL.D., L.H.D. 1 Montgomery Ave., Bala- 
Cjmwyd, Pa. Professor of Medicine, Temple 
University; Director, Research Institute of Cu- 
taneous Medicine. (G, 1913) 

Komarov, Simon A., M.S., M.D., Ph.D. S. S. Pels 
Fund, Med. Research Laboratory, 255 S. 17th 
St., Philadelphia, Pa. Director of Dept, of Bio- 
chemistry. (1, 1933) 


Kopeloff, Nicholas, Ph.D. New York State 
Psychiatric Institute, 722 W. 168th St., New 
York City. Principal Research Bacteriologist, 
New York State Psychiatric Institute and Hos- 
pital. (6, 1937) 

Koppanyi, Theodore, Ph.D. Georgetown Uni- 
versity, Washington, D. C. Professor of Phar- 
macology. (1, 1924 ; 3, 1935) 

Korr, Irwin M., M.A., Ph.D. 175 Pinckney Rd., 
Red Bank, N. J. Physiologist, U. S. Signal 
Corps, Ft. Monmouth Signal Laboratories. (1, 
1939) 

Kozelka, Frank L., Ph.D. Dept, of Pharmacology 
and Toxicology, University of Wisconsin, Madi- 
son. Assistant Professor of Toxicology. On leave. 
Captain, Sn.C. (3, 1939) 

Krahl, Maurice E., Ph.D. Dept, of Pharmacology, 
College of Physicians and Surgeons, 630 W. 168th 
St., New York City. (2, 1939) 

Kramer, Benjamin, A.M., M.D. 6 Pierrepont St., 
Brooklyn, N. Y. Pediatrician-in-Chief, Brook- 
lyn Jewish Hospital; Professor of Clinical 
Pediatrics, Long Island College Medical School. 
(1, 1915; 2, 1914) 

Kramer, Martha, Ph.D. Department of Horae 
Economics, Yenching University, Peiping, 
China. Professor of Food Economics and 
Nutrition. (5, 1933) 

Krantz, John C., Jr., M.S., Ph.D. University of 
Maryland Medical School, Baltimore. Pro- 
fessor of Pharmacology. (3, 1937) 

Krauss, William E., Ph.D. Ohio Experiment 
Station, Wooster. Chief, Dairy Department. 
(2, 1932; 5, 1933) 

Kraybill, Henry R., M.S., Ph.D. 5720 Woodlawn 
Ave., Chicago 37, 111. Professorial Lecturer , De- 
partment of Biochemistry, University of Chicago; 
Director, Department of Scientific Research, 
American Meat Institute. (2, 1942) 

Krayer, Otto, M.D. Harvard Medical School, 25 
Shattuck St., -Boston, Mass. Associate Pro- 
fessor of Comparative Pharmacology. (3, 1938) 
Krop, Stephen, Ph.D. Yale University School of 
Medicine, 333 Cedar St., New Haven, Conn. In- 
structor in Pharmacology. (3, 1944) 

Krueger, Albert Paul, M.D. Captain M.C., 
U.S.N.R. 3517 Life Sciences Bldg., University of 
California, Berkeley. Professor of Bactcrtology> 
Commanding Officer U.S.N. Medical Research 
Unit No. 1, Berkeley, Calif. (4, 1930; 6, 1937) 
Krueger, Hugo M., Ph.D. St. Louis University 
Medical School, 1402 S. Grand Blvd., St. Louis, 
Mo. Associate Professor of Pharmacology. ( > 
1931 * 3, 1935) 

Krumb’ha’ar, Edward B,. M.D., Ph.D. University 
of Pennsylvania Medical School, Philadclp la. 
Professor of Pathology. (1, 1914; 4, prior to 
1920) 
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Kruse, Harry Dayton, M.D., So.D. Milbank- 
Mcmorial Fund, 40 Wall St., Ncrv York City. 
(2, 1933) 

Kruse, Theophilc K., A.M., Ph.D. University of 
Pittsburgh Medical School, Pittsburgh, Pa. 
Profmor of Physiology and Pharmacology. 
(1, 1919; 3, 1920) 

Kubie, Lawrence S., M.D, 7 E. Slst St., New 
York City. Associate in Neurology, College of 
Physicians and Surgeons, Columbia University. 
(4, 192S) 

Kuhn, Harry A., M.S. 3915 Fulton St.. N.W., 
Washington, D. C. Colonel, C. IF. S., IFar Depart- 
, ment; Executive Officer, C. IF. Procurement 
District. (3, 1927) 

Kuhn, Ludwig R., Ph.D. 329 2nd St., Pitcairn, Pa. 
(6, 1939) 

Knnde, Margarete M., Ph.D., M.D. 116 S. 
Michigan Ave., Chirago, 111. Instructor in 
Medicine, A^ortkieestcrn University Medical 
School; Clinical Assistant in Endocrinology, 
Cook County Hospital (1, 1924) 

Kurtz, Alton C„ Ph.D. Department of Bio- 
chemistry, Medical School, University of Okla- 
homa, Oklahoma City. Assistant Professor. 
(2, 1942) 

Kydd, David M., M.D. Mary Imogene Bassett 
Hospital, Cooperstow'n, N. Y. Associate Physi- 
cian. (5, 1934) 

Kyes, Preston, A.M., So.D., M.D. North Jay, 
Me. (6, 1918) 

Lacy, G. R., M.D. University of Pittsburgh, 
Pittsburgh, Pa. Professor of Bacteriology and 
Immunology. (4, 1927) 

Lamb, Alvin R., M.S., Ph.D. E-speriment Sta- 
tion, Hawaiian Sugir Planters’ Association, 
Honolulu. Research Associate. (2, 1923 ; 5, 
1934) 

Lambert, Robert A., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New Y'ork City. Associate 
Director for the Medical Sciences. (4, 1922) 
Lamport, Harold, M.D.* A^ale University School 
of Medicine, New Haven, Conn. Assistant Pro- 
fessor of Physiology. (1, 1943) 

Lamson, Paul Dudley, M.D. Vanderbilt Uni- 
versity Medical School, Nashville, Tenn. Pro- 
fessor of Pharmacology. (1, 1921; 3, 1915) 
Lamson, Robert W., AM., Ph.D., M.D. Suite 
810, 1930 Wilshire Blvd., Los Angeles, Calif. 
Professor of Medicine and Public Health, Uni- 
versity of Southern California School of Medicine. 
(C, 192S) 

LanccGcld, Rebecca C., Ph.D. 4 Kenmore Rd., 
Uouglaston, Long Island, N. Y. Assocratc 
Member, Rockefeller Institute for Medical Re- 
search. (G, 1933) 

Landis, Carney, Ph.D. Psycluatric Institute and 
Hospital, Columbia University, 722 W. 16Sth St., 


New York City. Principal Research Psychol- 
ogist and Professor of Psychology. (1, 1939) 
Landis, Eugene MarWey, Ph.D., M.D, Depart- 
ment of Physiology, Harvard Medical School, 
25 Shattuck St., Boston, Mass. George Higginson 
Professor of Physiology. (1, 1928) 

Lands, Alonzo M., M.A., Ph.D. Frederick 
Steams and Co., 6533 Jefferson Ave., Detroit, 
Mich. Director, Pharmacologic Research. (1, 
1942) 

Lange, Carl, M.D. 371 Morris St., Albany, N. Y. 
Associate Bacteriologist, Divisions of Labora- 
tories and Public Health, New York State De- 
partment of Health. (G, 1938) 

Langley, Wilson D,, Ph.D. University of Buffalo 
Medical School, Buffalo, N. Y. Associate Pro- 
fessor of Biological Chemistry. (2, 1937) 
Langworthy, Orthello R., M.A., M.D. Johns 
Hopkins Hospital, Baltimore, Md. Associate 
Professor of Neurology, Johns Hopkins Univer- 
sity. (1, 1928) 

Larrabee, Martin G., Ph.D. Johnson Foundation, 
Hospital of University of Pennsylvania, Phil- 
adelphia. Fellow in Medical Physics and Lec- 
turer in Biophysics. (I, 1940) 

Larson, Edward, Ph.D. Temple University Medi- 
cal School, Broad and Ontario Sts., Philadelphia, 
Pa. Associate Professor of Pharmacology. (1, 
1929; 3, 1937) 

Larson, Hardy W., A.M., Ph.D. Metropolitan 
Life Insurance Co., Biochemical Laboratory, 1 
Madison Ave., New York City. Research 
Chemist. (2, 1937) 

Larson, Paul S., Ph.D. Medical College of Vir- 
ginia, Richmond. Associate in Physiology and 
Pharmacology. (1, 1939) 

Larson, W. P., M.D. University of Minnesota, 
Minneapolis. Professor and Head of Depart- 
ment of Bacteriology and Immunology. (G, 1917) 
Lashley, K. S., M.S., Ph.D., D.Sc. Yerkes Labora- 
tories, Orange Park, Fla. Research Professor of 
Neuropsychology, Harvard University; Director, 
Yerkes Laboratories of Primate Biology, Inc. 
Member of the National Academy of Sciences. 
(I, 1923) 

Laskowski, M.,' Ph.D. University of Arkansas, 
School of Medicine, Little Rook. Associate Pro- 
fessor of Physiological Chemistry. (2, 1944) 
Lang, E. P., M.A., Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington 25, D. C. Senior 
Pharmacologist. (2, 1938) 

Laurens, Henry, A.M., Ph.D., LL.D. School of 
Medicine, Tulane University, Station 20, New 
Orleans, La. Professor of Physiology. (1,1913) 
Lavine, T. F., Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Chemist. (2, 1938) 
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Lawrence, W. Sherwood, M.D. Dept, of Pharma- 
cology, University of Michigan, Ann Arbor. 
Instructor of Pharmacology. (3, 1944) 

Lawson, Hampden, M.D., Ph.D. University of 
Louisville, Louisville, Ky. Professor of Physi- 
ology. (1, 1933) 

Leake, Chauncey D., M.S., Ph.D. The Univer- 
sity of Texas Medical Branch, Galveston. Vice- 
President of the University of Texas in Charge 
of the Medical Program. (1, 1923 ; 3, 1924) 
Leathes, John Beresford, M.A., M.B., F.R.C.S., 
F.R.S. 106 Banbury Rd., Oxford, England. 
(2, 1909) 

Lederer, Ludwig George, Ph.D., M.D. Pennsyl- 
vania Central Airlines, National Airport, Wash- 
ington, D. C. Medical Director. (1, 1940) 
Lederer, Max, M.D. 1037 President St., Brook- 
lyn, N. Y. Director of Laboratories, Jewish 
Hospital. (6, 1920) 

Lee, Milton O., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate, Memorial 
Foundation for Neuro-endocrine Research; Re- 
search Fellow in Physiology. (I, 1927 ; 5, 1933) 
Lee, Robert Cleveland, B.Ch.E., M.A.* 309 Belle- 
vue St., Newton, Mass. Member of Research Staff, 
Nutrition Lab., Carnegie Institution of Washing- 
ton. (1,1944; 5, 1940) 

Leese, Chester E., M.S., Ph.D. George Wash- 
ington University School of Medicine, Wash- 
ington, D. C. Associate Professor of Physiology. 
(1, 1934) 

Lehman, Arnold J., Ph.D., M.D. University of 
North Carolina School of Medicine, Chapel Hill. 
Professor of Pharmacology. (3, 1937) 

Lehman, Robert A., M.S., Ph.D. New York Uni- 
versity College of Medicine, 477 First Ave.,New 
York City. Instructor in Therapeutics. (3, 
1942) 

Lehmann, Gerhard, M.D., Dr. Ing. University 
of Louisville School of Medicine, Louisville, Ky. 
Associate Professor of Pharmacology. (3, 1939) 
Lenhart, Carl H., M.D. Lakeside Hospital, 2065 
Adelbert Rd., Cleveland, O. Oliver H. Payne 
Professor of Surgery, Western Reserve Univer- 
sity. (1, 1921) 

Lennette, Edwin H., Ph.D., M.D. 49 W. 49th St. 
New York, N. Y. Staff Member, International 
Health Division, The Rockefeller Foundation. 
(4, 1941) 

Leonard, Clfford Shaftuck, M.S., Ph.D. Uni- 
versity of Vermont Medical College, Burlington. 
Assistant Professor of Pharmacology. (3, 1927) 
Lepkovsky, Samuel, M.S., Ph.D. University of 
California, Berkeley. Associate Professor of 
Poultry Husbandry. (2, 1933; 5, 1933) 
L’Esperance, Elise L., M.D. 321 E. 15th St., 
New York City. Director of Laboratories, New 
York Infirmary for Women and Children. (6, 
1920) 


Leverton, Ruth M,, Ph.D. Department of Home 
Economics, University of Nebraska, Lincoln. 
Associate Professor Human Nutrition Research. 
(5, 1942) 

Levin, Isaac, M.D. 57 W. Fifty-seventh St., New 
York City. Clinical Professor of Cancer Re- 
search, New York University; Chief of the De- 
partment of Cancer Service, Montefiore Hospital; 
Director, New York City Cancer Institute. 
(1, 1900) 

Levin, Louis, Ph.D. 030 W. 16Sth St., New York- 
City. Research Associate in Biochemistry, 
Assigned to Anatomy, College of Physicians and 
Surgeons, Columbia University. (2, 1939) 
Levine, Harold, Ph.D. Pabst Brewing Co., 917 
W. Juneau Ave., Milwaukee, Wis. Biochemist. 
(2, 1933; 5, 1933) 

Levine, Milton, M.S., Ph.D. The Harrower Lab- 
oratory, Inc., Glendale, Calif. (6, 1942) 

Levine, Philip, M.D., M.A. Newark Beth Israel 
Hospital, 201 Lyons Ave., Newark, N. J. Serol- 
ogist and Bacteriologist. (G, 1925) 

Levine, Rachmiel, M.D., C.M. Michael Reese 
Hospital, Chicago, 111. Acting Director, Depart- 
ment of Metabolic Research. (1, 1942) 

Levine, Samuel Z., M.D,, New York Hospital, 
525 E, 68th St., New York City. Professor of 
Pediatrics, Cornell University Medical College; 
Pediatrician-in-Chief, New York Hospital. 
(5, 1933) 

Levine, Victor Emanuel, A.M., Ph.D., M.D. 
Creighton University School ■ of Medicine, 
Omaha, Neb. Professor of Biological Chemistry 
and Nutrition. (2, 1936) 

Levinson, Samuel A,, M.D. University of Illi- 
nois College of Medicine, 808 S. Wood St., Chi- 
cago. Professor of Pathology; Director Labora- 
tories, Research & Educational Hospital. (4f 
1938) 

Levison, Louis A., M.D. 421 Michigan St., 
Toledo, 0. Physician to Toledo Hospital; 
Physician to St. Vincent Hospital. (6, 1916) 
Levy, Milton, Ph.D. 477 First Ave., New York- 
City. Assistant Professor of Chemistry, New 
York University College of Medicine. (2, 1933) 
Levy, Robert L., M.D. 730 Park Ave., New York 
City. Professor of Clinical Medicine, College 
of Physicians and Surgeons, Columbia Univer- 


sity. (3, 1915) , . , Tf • 

;wey, F. H., M.D. University Hospital, uni- 
versity of Pennsylvania, Philadelphia. Visiting 
Professor of Neurophysiology and Consultan 
in Neurology. Major {MC), AUS. (1, . 

iwis, Howard Bishop, Ph.D. Medical Schoo , 
University of Michigan, Ann Arbor. Profe^or 
of Biological Chemistry and Director of 
lege of Pharmacy. (1, 1925; 2, 1913; 5, 1 ) 

,wis, Julian Herman, M.D. 4750 Cliampla.n 
Avp... Ghicavo. 111. Associate Professor J 
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Pathology, University of Chicago; Member of the 
Otho S. A. Sprague Memorial Institute. (4, 
1924) 

Lewis, Robert C., Ph.D. 4200 E. 9th Ave., Den- 
ver, Colo. Professor of Biochemistry, School of 
Medicine, University of Colorado. (2, 1931; 

5, 1933) 

Lewis, Warren H., M.D. The Wistar Institute of 
.\n.atomy and Biology, Woodland Ave. and 36th 
St., Philadelphia, Pa. Member; Member of the 
National Academy of Sciences. (1, 1919) 

Li, Choh Hao, Ph.D. 4596 Life Science Bldg., Uni- 
versity of California, Berkeley. Research Asso- 
ciate and Lecturer. (2, 1944) 

Li, Richard D., M.D. Peiping Union Medical 
College, Peiping, China. Instructor in Pharma- 
cology. (3, 1941) 

Libby, Raymond L., M.S., Ph.D. American 
Cyanamid Co., 1937 W. Main St., Stamford, 
Conn. Bio-physicist. (6, 1938) 

Libet, Benjamin, Ph.D. Personal Equipment Sec- 
tion, Array Air Forces, Material Command, 
Wright Field, Dayton. 0. (1, 1942) 

Libman, Emanuel, M.D. ISO E. 64th St., New 
York City. Consulting Physician, Mount Sinai 
Hospital. (6, 1920) 

Liddell, Howard S., A.M., Ph.D. Cornell Uni- 
versity, Ithaca, N. Y. Professor of Psychology. 
(1, 1925) 

Lieb, Charles C., M.D. 630 W. 168th St., New 
York City. Hosack Professor of Pharmacology, 
College of Physicians and Surgeons, Columbia 
University. (1, 1936; 3, 1915) 

Liebemian, Arnold L., M.D., Ph.D. 738 Broad- 
way, Suite 502, Gary, Ind. Assistant in Medi- 
cine, Northwestern University. (1> 1934) 

Lifson, Nathan, M.D., Ph.D.* 617 Kenwood Park- 
way, Minneapolis, Minn. Assistant Professor of 
Physiology, University of Minnesota Medical 
School. (1, 1944) 

Lightbody, Howard D., M.S., Ph.D. Western 
Regional Research Laboratory, U. S. Department 
of Agriculture, Albany 6, Calif. Principal Bio- 
chemist. (2, 1936) 

Lillie, Ralph Stayner, Ph.D., Sc.D. University 
of Chicago, Chicago, 111. Professor Emeritus of 
General Physiology; Physiologist, Marine Bio- 
logical Laboratory, Woods Hole, Mass. (1, 
1905 ; 2, 1913) 

Dllie, R, D., M.D. Chief Pathology Laboratory, 
National Institute of Health, Bethesda, Md. 
Senior Surgeon, U.S.P.H.S. (4,1941) 

Dm, Robert Kho-Seng, Ph.D., D.Sc., F.R.S.E. 
Board of Health, Chinese National Government, 
Chunking, China. (1, 1923) 

' Dndsley, Donald B., M.A., Ph.D. Bradley Home, 
Fast Providence, R.I. Director of Psychological 
■ and Neurophysiological Laboratory; Assistant 


Professor of Psychology, Brown University. 
Director, N.D.R.C, project. Camp Murphy, Fla. 
(1, 1937) 

Linegar, Charles R., Ph.D. E. R. Squibb and Sons, 
Biological Laboratory, New Brunswick, N. J. 
Chief, Biological Development and Control Lab- 
oratory. (3, 1938) 

Lineweaver, Hans, M.A., Ph.D. Western Re- 
gional Research Laboratory, U. S. Department of 
Agriculture, Albany 6, Calif. Senior Biochemist. 
(2, 1941) 

Link, Karl Paul, Ph.D. Biochemistry Building, 
University of Wisconsin, Madison. Professor 
of Biochemistry. (2, 1931) 

Lintz, William, M.D. 36 Plaza St., Brooklyn, 
N. Y. Late Professor of Immunology and 
Bacteriology and Clinical Professor of Medicine, 
Long Island College of Medicine. (6, 1920) 
Lipman, Mrs. Miriam O., A.M. Presbyterian 
Hospital, 620 IV. 168th St., New York City. 
Research Assistant, Edward Daniels Faulkner 
Arthritis Clinic. (S, 1931) 

Lipmann, Fritz, M.D., Ph.D. Biochemical Re- 
search Laboratory, Massachusetts General Hos- 
pital, Boston. Research Chemist; Head, Biochem- 
ical Research Laboratory; Research Fellow in Bio- 
chemistry and Surgery, Harvard Medical School, 
(2, 1941) 

Litchfield, John T., Jr., M.D, University of Min- 
nesota Medical School, Minneapolis, 14. Assfsf- 
ant Professor of Pharmacology. (3, 1940) ' 

Little, James Maxwell, M.S., Ph.D. Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N. C. Assistant Professor of 
Physiology and Pharmacology. (1, 1942) 
Livingston, Alfred E., Ph.D. Temple University 
School of Medicine, Philadelphia, Pa. Professor 
of Pharmacology. (1, 1917; 3, 1920) 

Lloyd, David P. C., D.Ph. Laboratory of Physiol- 
ogy, Yale University School of Medicine, 333 
Cedar St., New Haven, Coim. Assistant Pro- 
fessor of Physiology. (1, 1939) 

Locke, Arthur P., Ph.D. Zonite Products Corpora- 
tion, New Brunswick, N. J. Chief Research Chem- 
ist. (6, 1926) 

Lodholz, Edward, M.D. Medical Laboratories, 
University of Pennsylvania, Philadelphia. 
Isaac Ott Professor of Physiology, Graduate 
School of Medicine. (1, 1913) 

Loeb, Leo, M.D. Washington University Medical 
School, St. Louis, Mo. Professor Emeritus of 
Pathology; Member, National Academy of Sci- 
ences. (1, 1907; 4, 1913) 

Loebel, Robert O.. M.D. Russell Sage Institute 
of Pathology, Cornell Medical College, 1300 York 
Ave., New York City. Research Fellow; Ad- 
junct Assistant Visiting Physician, Second 
{Cornell) Medical Division of Bellevue Hospital 
(1, 1928) 
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Loew, Earl R., M.S., Ph.D. 7415 Woodrow Wilson, 
Detroit, Mich. Research Pharmacologist, Parke, 
Davis & Co.; Lecturer in Physiology, Wayne Uni- 
versity College of Medicine. (1, 1940) 

Loewe, W. S., M.D. 17 Cole Terrace, New Rochelle, 
N. Y. Hon. Prof. Pharmacology, Heidelberg; 
Dept of Pharmacology, Cornell University Medi- 
cal College. (3, 1936) 

Logan, Milan A., Ph.D. University of Cincinnati 
School of Medicine, Cincinnati, 0. Professor of 
Biological Chemistry. (2, 1936) 

Long, C. N. H., M.Sc., D.Sc., M.D. Yale Uni- 
versity, New Haven, Conn. Sterling Professor 
of Physiological Chemistry. (1, 1935; 2, 1927) 
Long, Esmond R., M.D. 7th and Lombard Sts., 
Philadelphia, Pa. Director, Henry Phipps 
' Institute; Professor of Pathology, University of 
Pennsylvania. (4, 1930) 

ong, Perrin Hamilton, M.D . The Johns Hopkins 
University, 615 N. Wolfe St., Baltimore, Md. 
Professor of Preventive Medicine; Colonel, M.C. 
(3, 1940) 

Longcope, Warfield T., M.D. Johns Hopkins 
Hospital, Baltimore, Md. Professor of Medi- 
cine, Johns Hopkins University. (3, 1921; 4, 
1913; G, 192^) 

Longenecker, Herbert Eugene, M.S., Ph.D. 
Department of Chemistry, University of Pitts- 
burgh, Pittsburgh, Pa. Dean of Research in the 
Natural Sciences and Professor of Biochemistry. 
(2, 1940) 

Looney, Joseph Michael, M.D. 383 M. C. Det., 
Camp Ellis, 111. Chief of Special Service, Major, 
U. S. Army. (2, 1922) 

LoosU, Clayton Garr, M.D, The University of 
Chicago, Department of Medicine, Chicago, 111. 
Assistant Professor. (4, 1940) 

Loosli, J. K., M.S., Ph.D. Animal Nutrition Labo- 
ratory, Cornell University, Ithaca, N. Y. Assoc. 
Prof, of Animal Nutr. and Assoc. Anhnal Nutri- 
tionist in Exp. Sta. (5, 1944) 

Lorber, Victor, M.D., Ph.D* 1901 East River 
Terrace, Minneapolis, Minn. Instructor in 
■ . Physiology, University of Minnesota Medical 
School. (1, 1944) 

ente de No, Rafael, M.D. The Rockefeller 
istitutc for Medical Research, 66th St. and 
York Ave., New York City. Member. (1,1937) 
Lorenz, Egon, Ph.D. National Cancer Institute, 
Bethesda, Md. Senior Biophysicist. (4, 1942) 
Loring, H. S., M.S., Ph.D. Stanford University, 
Calif. Associate Professor of Biochemistry, 
(2, 1938) 

Lothrop, Alfred P., M.A., Ph.D. 279 Elm St., 
Oberlin, 0. Professor of Organic Chemistry, 
Oberlin College. (2, 1912) 

Loveless, Mary H., M.D. New York Hospital, 
525 E. 68th St., New York City. Research 


Associate, Cornell Medical School; Physician to 
Out-Patients, New York Hospital, (g; 1941) 
Lowell, Francis C., M.D. Nine Acre Corner, 
Concord, Mass. Instructor in Medicine, Boston 
City Hospital. (6, 1942) 

Lowry, Oliver H., M.D., Ph.D. Research Labora- 
tory, Public Health Research Institute of the 
City of New York, Foot of E. 15th St. Re- 
search Associate. (2, 1942) 

Lubinski, Herbert, M.D. Jewish General Hos- 
pital, 3755 St. Catherine Rd., Montreal, Canada. 
Bacteriologist. (G, 1941) 

Lucas, George H. W,, M.A., Ph.D. University of 
Toronto, Toronto, Canada. Associate Professor 
of Pharmacology. (2, 1925; 3, 1928) 

Luck, James Murray, Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Biochemistry , 
(2, 1925) 

Luckd, Balduin, M.D. 141 Montgomery Ave., 
Bala-Cynwyd, Pa. Professor of Pathology, 
University of Pennsylvania Medical School. 
(4, 1924) 

Luckhardt, Arno Benedict, M.S., Ph.D., M.D. 
University of Chicago, Chicago, 111. Professor 
of Physiology. (1, 1911) 

Ludewig, Stephan, Ph.D. University of Virginia 
School of Medicine, University. 

Professor of Biochemistry. (2,1941) 

Luduena, Froilan P., Ph.D., M.D. Department of 
Pharmacology, Stanford Universit}’’ Medical 
School, San Francisco, Calif. Assistant Professor ■ 
of Pharmacology. (3, 1941) 

Lukens, Francis D. W., M.D. University of 
Pennsylvania, S09 Maloney Clinic, 36th and 
Spruce Sts., Philadelphia. Assistant Professor 
of Medicine and Director, George S. Cox Medical 
Research Institute. (1, 1938) 

Lund, E. J., Ph.D. Department of Zoology and 
Physiology, University of Texas, Austin. Pro- 
fessor of General Physiology. (1, 1930) 
Lundgren, Harold P., Ph.D. Western Regional 
Research Laboratory, U.S.D.A., Albany 6, Calif. 
Chemist. (2, 1942) 

Lundy, John Silas, M.D. The Mayo Foundation, 
Rochester, Minn. Chief of Section on Anes- 
thesia. (3, 1935) 

'Lurie, Max B., M.D. Henry Phipps Institute, 
7th and Lombard Sts., Philadelphia, Pa. As- 
sistant Professor of Experimental Pathology. 
(4, 1934; G, 1930) 

Lutz, Brenton R., Ph.D. Boston University, 688 
Boylston St., Boston, Mass. Professor of 
Biology. (1, 1925) 

Luyet, Basile J., Sc.D. (Biol.), Sc.D. (Physics). 
St. Louis University School of Medicine, St. 
Louis, Mo. Professor of Biology. (1, 1936) 
Lyall, Harold W., A.M., Ph.D. Division of Labo- 
ratories and Research, New York State Dep.art- 
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ment of Health, Albany. Assistant Director in 
charge of Antitoxiti, Scrim, and Vaccine Labo- 
ratories. (6, 1937) 

L 5 Tnan, Carl IM., Ph.D. Division of Swino Hus- 
bandry, Agricultural Experiment Station, Col- 
lege Station, Texas. Nutritionist. (2, 1940) 
Lyman, John F., Ph.D. Townshend Hall, Ohio 
State University, Columbus. Professor of Agri- 
cultural Chemistry. (2, 1920; 5, 1933) 

Macallum, A. Bruce, M.D., Ph.D. Medical 
School, University of Western Ontario, London, 
■Ont., Canada. Professor of Biochemistry. (2, 
■1914) ' 

MacArthur, Edith H., A.M., Ph.D. Skidmore 
College, Saratoga Springs, N. N. Professor and 
Director of Home Economics. (5, 1933) 
MacCorquodale, D. W., M.S., Ph.D. Abbott 
Laboratories, North Chicago, 111. Head, Bio- 
chemical Research. (2, 1934) 

MaePadyen, Douglas A., M.A., M.D. Box 7, Room 
103, Army Medical School, Army Medical Cen- 
ter, Washington, D. C. Captain, U. S. Army. 
(2, 1942) 

MacKay, Eaton M., M.D. The Seripps Metabolic 
Clinic, La Jolla, Calif. (1, 1930) 

Mackenzie, Cosmo G., D.Sc. The Johns Hopkins 
University, Baltimore, Md. Associate in Bio- 
chemistry, School of Hygiene and Public Health. 
(5, 1942) 

Mackenzie, George M., M.D. Mary Imogene 
Bassett Hospital, Cooperstown, N. Y. Physi- 
cian-in-Chief; Director, Otsego County Labora- 
tories. (G, 1921) 

MacLeod, Colin M., M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Bacteriology. (G, 1937) 
MacLeod, Florence L., M.A., Ph.D. University 
of Tennessee, Knoxville. Professor of Nutri- 
tion. (2, 1927; 5, 1933) 

MacLeod, Grace, M.A., Ph.D. 106 Morningside 
Drive, New York City. Professor Emeritus of 
Nutrition, Teachers College, Columbia Uni- 
versity. (2, 1924 ; 5, 1933) 

MacLeod, John, M.S., Ph.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Research Associate of Anatomy. (1, 1942) 
MacNabb, Andrew L., V.S., B.V.So., F.A.P.H.A. 
Department of Health of Ontario, Toronto, 
Canada. Director of Laboratories. (G, 1941) 
MacNeal, Ward J., M.D. New York Post- 
Graduate Medical School and Hospital, 303 E. 
20th St., New York City. Professor of Bacteri- 
ology- (4, 1925) 

MacNlder, William _ deB., M.D., Sc.D., LL.D. 
University of North Carolina, Chapel Hill. 
Kenan Research Professor of Pharmacology; 
Member, National Academy of Sciences. (1, 
1912; 2, 1912; 3, 1909; 4, prior to 1920) 


Macht, David Israel, M.D., Pliar. D. (hon.), 
Litt. D. 3420 Auchontoroly Ter., Baltimore, Md. 
Director of Pharmacological Research Laboratory, 
Hynson, Westcott and Dunning, Inc.; Profes- 
sorial Lecturer in Physiology, Yeshiva College, 
New York City. (1, 1916) 

Madden, Sidney C., M.D. University of Roches- 
ter School of Medicine and Dentistry, Rochester, 
N. Y. Assisfant Professor of Pathology. (4, 
1939) 

Maddock, Stephen, M.D. Boston City Hospital, 
Boston, Mass. Director of Surgical Research 
Laboratory. (4, 1931) 

Madsen, Louis L., Ph.D. Bureau of Animal 
Industry, U. S. Department of Agriculture, 
Box 71, Berwyn, Md. Nutritionist. (5, 1940) 

Maes, Julian P., M.D.* Dartmouth Medical 
School, Hanover, N. H. Department of Pharma- 
cology. (1, 1943) 

Magath, Thomas B., M.S., Ph.D., M.D. Mayo 
Clinic, Rochester, Minn. Associate Professor 
of Clinical Bacteriology and Parasitology, Uni- 
versity of Minnesota, Mayo Foundation; Con- 
sultant Physician in Clinical Laboratories, 
Mayo Clinic. (1, 1928) 

Magill, Thomas P., M.D. Cornell University 
Medical College, 1300 York Ave., Now York 
City. (6, 1937) 

Magoun, Horace W., Ph.D. Northwestern Uni- 
versity Medical School, 303 E. Cliicago Ave., 
Chicago, 111. Professor of Microscopic Anatomy. 
(1, 1937) 

Mahon, Eleanor Conway, Ph.D. Iron River, 
Mich. (4, 1940) 

Main, Bolland J., Ph.D. Medical College of 
Virginia, Richmond. Professor of Physiology. 
(1, 1936) 

Maison, George L., M.S., M.D. Aero-Medical 
Research Laboratory, Engineering Division, 
Wright Field, Dayton, 0. 1st. Lt., Medical Corps., 
Assistant Professor of Physiology, Wayne Uni- 
versity, Detroit, Mich. (1, 1939) 

Major, Randolph T., M.Sc., Ph.D. Coles Ave., 
Mountainside, Westfield, N. J. Director of 
Research, Merck & Co., Inc., Rahway, N. J. 
(2, 1942) 

Mallory, G. Kenneth, M.D. Mallory Institute 
of Pathology, Boston City Hospital, Boston, 
Mass. Associate Professor. (4, 1940) 

Mallory, Tracy B., M.D. Massachusetts General 
Hospital, Boston. Chief -of Pathology and 
Bacteriology; Assistant Professor of Pathology, 
Harvard Medical School. (4, 1937) 

Maloney, Arnold H., Ph.D., M.D., LL.D. How- 
ard University School of Medicine, Washington, 
D. C. Professor and Head of Department of 
Pharmacology. (3, 1932) 
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Maltaner, Frank, Ph.D. 388 New Scotland Ave., 
Albany, N. Y. Associate Biochemist, Division 
of Laboratories and Research, New York State 
Department of Health. (6, 1920) 

Maluf, N. S. Rustum, M.S., Ph.D. Company D, 
SCSU, No. 1144,- 427 Vanderbilt Hall, Harvard 
School, Boston, Mass. (1, 1942) 

Man, Evelyn B., Ph.D. 333 Cedar'St., New Haven, 
Conn. Assistant Professor in the Biochemistry 
Laboratory, Yale University School of Medicine. 
(2, 1936) 

Manery, Jeanne Forest, M.A., Ph.D. Medical 
School, University of Toronto, Toronto, Ont., 
Canada. Demonstrator in Biochemistry. (1, 
1937) 

Mann, Frank C., M.A., M.D., Sc.D., LL.D. 
Mayo Clinic, Bo.x 256, Rochester, Minn. Direc- 
tor, Division of Experimental Medicine; Profes- 
sor of Experimental Medicine, Mayo Foundation. 
(1, 1916; 3, 1923; 4, 1924) 

Manning, G. W., M.D.* 20 Woodington Ave., 
Toronto, Ontario, Canada. Medical Officer in 
Charge, No. Z R.C.A.F. Research Unit. (1, 
1944) 

Manville, Ira Albert, M.A., M.D., Ph.D. Univer- 
sity of Oregon Medical School, Portland. Asso- 
ciate Clinical Professor of Medicine and Director 
of Nutritional Research Laboratories. (1, 1933) 
Manwaring, Wilfred H., M.D. Stanford Uni- 
versity, Palo Alto, Calif. Professor Emeritus of 
Bacteriology and Experimental Pathology. (4, 
prior to 1920; 6, 1917) 

Marine, David, A.M., M.D. Montefiore Hos- 
pital, Gunhill Road and East 210th St., New 
York City. Director of Laboratories. (1,1910; 
(4, 1913) 

Markowitz, J., M.D., Ph.D. 220 Bloor St., 
Toronto, Ont., Canada. Research Associate in 
Physiology, University of Toronto, Faculty of 
Medicine. (1, 1929) 

Marmont, George H., Ph.D. 4855 Fourth Ave., 
Detroit, Mich. Electronic Engineer, Bendix Avi- 
ation Research Laboratories. (1, 1941) 
Marmorston, Jessie. 522 Genesee, Los Angeles, 

’ Cal. (6, 1932) 

> - , Amedeo S., M.D. Wayne University 
J ege of Medicine, Detroit 26, Mich. Professor 
i i. Head of the Department of Pharmacoloqu. 
(3,1938) 

Marsh, Gordon, Ph.D.* State University of Iowa, 
Iowa City. Assistant Professor of Zoology (1, 
1944) 

Marsh, M. Elizabeth, M.S., Ph.D. Killian Re- 
search Laboratories, 49 W. 45th St., New York 
City. Assistant Director. (1, 1929; 5, 1933) 
Marshak, Alfred George, M.A., Ph.D. Radiation 
Laboratory^ University of California, Berkeley. 
Research Associate and Finney-Howell Fellow. 
(1, 1940) 


Marshall, Eli Kennedy, Jr., Ph.D., M.D., LL.D. 
■Johns Hopkins Medical School, Baltimore, Md. 
Professor of Pharmacology and Experimental 
Therapeutics; Member, National Academy of 
Sciences. (1, 1915; 2, 1913; 3, 1915) 

Marshall, Wade H., Ph.D. 9700 Brunett Ave., Sil- 
ver Spring, Md. Wilmer Ophthalmological Insti- 
tute, Johns Hopkins Hospital, Baltimore, Md. 
Associate in Physiological Optics, Johns Hopkins 
Hospital. (1, 1937) 

Martin, Arthur W., Jr., Ph.D.* 202 Physiology 
Hall, University of Washington, Seattle. Asso- 
ciate Professor of Animal Biology. (1, 1944) 
Martin, Donald S., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Bacteriology and 
Associate in Medicine, Duke University School 
of Medicine. (4, 1940 ; 6, 1943) 

Martin, Stevens J., M.A., Ph.D. Tilton General 
Hospital, Fort Dix, N. J. Capt. M. C., Chief of 
Sections on Anesthesia and Operating Pavilion, ■ 
and Resuscitation and Oxygen Therapy. (1, 
1933) 

Mason, Edward C., M.D., Ph.D. University of 
Oklahoma School of Medicine, Oklahoma City. 
Professor of Physiology. (1, 1935) 

Mason, H. L., M.A., Ph.D. Mayo Clinic, Roches- 
ter, Minn. Associate Professor of Physiological 
Chemistry, The Mayo Foundation, University 
of Minnesota. (2, 1941) 

Mason, Karl Ernest, Ph.D. The University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. Professor of Anatomy. 
(1, 1932; 5, 1941) 

Mason, Morton F., Ph.D. Parkland Hospital, Oak 
Lawn Ave., Dallas, Texas. Professor of Patho- 
logical Chemistry and Experimental Medicine, 
Southwestern Medical College. (2, 1938) 
Massengale, Oliver N., Ph.D. Mead Johnson & 
Co., Research Laboratory, Evans-ville, Ind. Re- - 
search Biochemist. (2, 1937) 

Masson, Georges M. C., Ph.D.* McGill Uni- 
versity, Montreal, Canada. Research Associate. 
(1,1944) 

Mast, S. O., Ph.D. Johns Hopkins University, 
Baltimore, Md. Professor of Zoology. (L 
1920) 

Mathews, Albert Prescott, Ph.D., D.Sc. (hon.). 
Woods Hole, Mass. Professor Emeritus of 
Biochemistry, Univ. of Cincinnati. (1, 1898; 2, 
1906) 

Mattill, Henry A., A.M., Ph.D. State University 
of Iowa, Iowa City. Professor of Biochemistry. 
(1, 1913; 2, 1909; 5, 1933) 

Maurer, Frank W., Ph.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Alass. 
Assistant Professor of Physiology. (1> 1941) 
Mavor, James Watt, Ph.D. Union College, 
Schenectady, N. Y. Professor of Biology. 

(1, 1930) 
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Mayerson, Hymen S., Ph.D. Tulane University 
School of Medicine, Station 20, New Orleans, La. 
Associate Professor of Physiology. (1, 1928) 
Maynard, Leonard A., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Animal Nulrilion; 
Director of United States Soil, Plant and N^dri- 
tion Laboratory; Member National Academy of 
Sciences. (2, 1930; 5, 1933) 
hlazur, Abraham, M.A., Ph.D. Medical Research 
Laboratory, Edgewood Arsenal, Md. Captain, 
Sanitary Corps, U. S. Army; Instructor, De- 
partment of Chemistry, City College of Neiu York 
{on leave). (2,1944) 

McCann, IVilliam S., M.D., D.Sc. (Hon.) USS 
Refuge .4H-11, Fleet P.O., New York. Captain 
{MC) USNP. The Charles A. Dewey Professor 
of Medicine, University of Rochester, School of 
Medicine. (On leave.) (2, 1923; 5, 1933) 
McCarrell, Jane D., M.A., Ph.D. Dept. Surgical 
Research, Massachusetts General Hospital, 
Boston. Research Fellow in Anesthesia, Massa 
chusetts General Hospital; Instructor in Physi- 
ology, Harvard School of Pttblic Health. (1, 
1942) ■' 

McCawley? Elton Leeman, Ph.D. Yale Medical 
School, New Haven, Conn. Instructor in Pharma- 
cology. (3, 1944) 

McCay, Clive M., M.S., Ph.D. Animal Nutrition 
Laboratory, Cornell University, Ithaca, N. Y. 
Professor of Animal Nutrition. (2, 1929; 5, 
1933) . 

McChesney, Evan William, Ph.D.* Winthrop 
Chemical Co., 33 Riverside -Kve. Rensselaer, N. 
Y. Research Biochemist. (1, 1944) \ 

, McClellan, Walter S., M.D. Saratoga Spa, 
Saratoga Springs, N. Y. Medical Director; 
Associate Professor of Medicine, Albany Medical 
College. (1, 1931) 

McClendon, J. F., M.S., Ph.D. Route 1, Trooper 
Road, Norristown, Pa. Research Professor of 
Physiology, Hahnemann Medical College. (1, 
1910; 2, 1914; 5, 1935) 

McClosk'y, William T., B.A. 5120 7th St., N.W., 
Washington, D. C. Senior Pharmacologist, Div. 
of Pharmacology, Food and Drug Administra- 
tion. (3, 1929) 

McCollum, Elmer Vemer, M.A., Ph.D., Sc.D., 
LL.D. Johns Hopkins University', School of 
Hygiene and Public Health, 615 N. Wolfe St., 
Baltimore, Md. Professor of Biochemistry; 
, Member, National Academy of Sciences. (2, 
1910; 5, 1933) 

McCouch, Grayson Prevost, M.D. University of 
Pennsylvania, Philadelphia. Assistant Profes- 
sor of Physiology. (1, 1925) 

McCrea, Forrest D., Ph.D. Duke University 
School of Medicine, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(1. 1929; 3, 1937) 


McCrudden, F. H., M.D. 601 Boylston St., 
Boston, Mass. Assistant Medical Director, New 
England Mutual Life Insurance Co. (2, 1906) 
McCullagh, D. Roy, M.Sc. (Man.); Ph.D. (Can- 
tab.), FIG. 150 Northfield Rd., Bedford, 0. 
Vice-President. (2, 1932) 

McCulloch, Warren Sturgis, M.A., M.D. Uni- 
versity of Illinois, College of Medicine, Chicago. 
Associate Professor of Psychiatry. (1, 1936) 
McCutcheon, Morton, M.D. University of Penn- 
sylvania Medical School, Philadelphia. Profes- 
sor of Pathology. (4, 1925) 

McDonald, Francis Guy, M.S., Ph.D. Research 
Laboratory, Mead Johnson & Co., Evansville, 
Ind. Research Biochemist. (2, 1936) 

McElroy, L. W. Dept, of Animal Science, Uni- 
versity of Alberta, Edmonton, Canada. Assist. 
Prof, of Animal Husbandry. (5, 1944) 
McEllroy, William Swindler, M.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Physiological Chemistry; Dean, 
School of Medicine. (2. 1919)* 

McFarland, Ross A.,* Ph.D; Harvard University, 
Division of Industrial Research, Graduate School 
of Business Administration, Soldiers Field, 
Boston, Mass. Assistant Professor of Industrial 
Research. (1, 1943) 

McFarlane, W'illiam Douglas, Ph.D. Macdonald 
College, (McGill University), Macdonald Col- 
lege, P. Q., Canada. Professor of Chemistry. 
(2, 1933) 

McGinty, Daniel A., M.A., Ph.D. Parke, Davis 
& Co., Detroit, Mich. Research Physiologist. 
(1, 1925) 

McGuigan, Hugh Alister, Ph.D., M.D. 1853 
W. Polk St., Chicago, 111. Professor of Pharma- 
cology and TherapeiUics, College of Medicine, 
University of Illinois. (1, 1907; 2, 1906; 3, 
1913) 

McHargue, J. S., M.S., Ph.D., D.Sc. Department 
of Chemistry, Kentucky Agricultural Experi- 
ment Station, University of Kentucky, Lexing- 
ton. Emeritus Member. (2, 1927) 

McHenry, E. W., M.A., Ph.D., F.R.S.C. School 
of Hygiene, University of Toronto, Toronto, 
Canada. Assistant Director, Connaught Labo- 
ratories; Associate Professor in Charge of Nutri- 
tion. (2, 1938; 5, 1935) 

McIntyre, A. R., Ph.D., M.D. College of Medi- 
cine, University of Nebraska, 42nd and Dewey 
Ave., Omaha. Professor of Physiology and 
Pharmacology. (1, 1933 ; 3, 1938) 

McKee, Clara M., Squibb Institute for Medical 
Research, New Brunswick, N. J. Assistant in 
Microbiology. (G, 1941) 

McLain, Paul L., M.D. University of Pittsburgh 
Medical School, Pittsburgh, Pa. Assistant 
Professor of Physiology and' Pharmacology; 
Major, M.C. (3, 1940) 
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Miller Edgar G., Jr., Ph.D. G30 \V. IGSth St., 
New York City. Professor of Biological Chem- 
istrg, Columbia UnivcrsiUi. (2, 1930) 

Miller, Franklin R., M.D. Jefferson Medical 
College and Hospital, Division of Hematology, 
Philadelphia, Pa. Associate Professor of Medi- 
cine. (4, 1940) 

Miller, Frederick R., A.M., M.D., F.R.C.P. (C), 
F.R.S. Faculty of Medicine, University of 
Western Ontario, London, Ont., Canada. Pro- 
fessor of Physiology. (1, 190S) 

Miller, G. H., A.M., M.D. .Vmerican University 
of Beirut, Beirut, Syria. Dean of the College of 
Medicine. (3, 1925) 

Miller, Lloyd C., Ph.D. Research and Biologic 
Laboratorj', Winthrop Chemical Co., Rensselaer, 
"K.Y. Senior Pharmacologist. (3, 193S1 
Miller, R, C., Ph.D. Pennsylvania State College, 
State College. Assistant Professor Agricultural 
and Biological Chemistry. (3, 1935) 

Miller, Zelma Baker, Ph.D., Naval Medical Re- 
search Institute, National N.aval Medical Cen- 
ter, Bethesda, Md. Biochemist. (2, 1940) 
'Millikan, Glenn A., Ph.D. Johnson Foundation, 
University of Pennsylvania, Philadelphia. Fel- 
low 'in Biophysics. (I, 1940) 

Jlills, Clarence A., Ph.D., M.D. Cincinnati Gen- 
eral Hospital, Cincinnati, 0. James T. Heady 
Professor of E7:pcrimcnlal .Medicine. Vnirersity 
of Cincinnati. (I, 1921; 2, 1021) 

Minot, Annie Stone, Ph,D. Vanderbilt Univer- 
sity Medical School, Nashville, Tenn. Re- 
search Associate, Department of Pharmacology. 
(1, 1923) 

Mirsky, Alfred E., Ph.D. The Jewish Hospital, 
Cincinnati 29 , 0. (2, 1941 ) 
Mirsky,l.Arthur,M.Sc.,M.D,,C.M. The Jewish 
Hospital, . Cincinnati, 0. Director, The May 
Institute for Medical Research; .Assistant Profes- 
sor of Biochemistry, University of Cincinnati. 
{1. 1936) 

Mitchell, Harold H., M..S. Dept, of Bacteriology, 
Washington University Medical School, St. 
Louis, Mo. Research Fellow. (6, 1943 ) 

Mitchell, Harold H., M.S., Ph.D. Room 557, 
Old Agricultural Bldg., University of Illinois, 
Urbana. Professor of Animal Nutrition. (2, 
1919; 5, 1933) 

Mitchell, Helen S., Ph.D. 699 Forest Rd., New 
Haven, Conn. (2,1925:5.1933) 

Mitchell, Philip H., Ph.D. Brown University 
Providence 12, R. I. Robert P. Brown Profes- 
sor of Biology. (2, 1909) 

hlodell, Walter, M.D. Cornell University Medical 
College, 1300 Y^ork Ave., New York, N. Y'. In- 
struclor in Pharmacology ■ (3, 1944) 

Moe, Gordon Kenneth, Ph.D., M.D. University of 
Michigan, Ann Arbor. Assistant Professor of 
Pharmacology. (3, 1944) 


Molitor, Hans, M.D. 50 Lawrence St., Rahway, 
N. J. Director, Merck Institute for Therapeutic 
Research. (1, 1933 ; 3, 1942) 

Molomut, Norman, M.A., Ph.D. 200 Walnut 
St,, Y’ellow Springs, 0. Assistant Bacteriol- 
ogist, Department of Medicine, Columbia Uni- 
versity (on leave); First Lieutenant, Army of 
U. S. Aero Medical Research. (6, 1942) 

Moon, Virgil H., M.Sc., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Pa- 
thology. (4, 1934) 

Moore, A. R., Ph.D. University of Oregon, 
Eugene. Research Professor of General Physi- 
ology in the Department of Psychology. (1, 1912) 
Moore, Carl Vernon, M.D. Washington Univer- 
sity School of Medicine, St. Louis, Mo. Asso- 
ciate Professor of Medicine. (4, 1938; 5, 1941) 
Moore, Lane A., Ph.D. University of Maryland, 
College Park. Research Assistant in Dairy 
Husbandry. (5, 1940) 

Moore, Robert .4., M.D. Washington University 
Medical School, St. Louis, Mo. Professor of 
Pathology. (4, 1929) 

Moore, Robert M., M.D. 5S0S Westminster, St. 

Louis, Mo. Lt. Col., M.C. (1, 1932) 

Moorhouse, Victor Henry K., M.B. University 
of Manitoba, Winnipeg, Canada. Professor of 
Physiology. (1, 1912) 

Morgan, Agnes Fay, M.S., Ph.D. University' of 
California, Berkeley. Professor of Home Eco- 
nomics; Biochemist, Agric. Exp. Station; Head, 
Department of Home Economics. (2, 1929; 5, 
1933) 

Morgan, Clifford T., M..A., Ph.D.* Harvard Uni- 
versity, Cambridge, Mass. Faculty Instructor in 
Physiological Psychology. (1, 1943) 

Morgulis, Sergius, A.M., Ph.D. University of 
Nebraska College of Medicine, Omaha. Pro- 
fessor of Biochemistry. (1, 1914; 2, 1916) 
Morison, Robert S., M.D. Harvard Medical 
School, Boston, Mass. Assistant Professor of 
Anatomy. (1, 1938) 

Moritz, Alan R., M.D. Harvard Medical School, 
Boston, Mass. Professor of Legal Medicine. 
(4, 1934) 

Morrell, Clarence Allison, M.A., Ph.D. Depart- 
ment of Pensions and National Health, Labora- 
tory of Hygiene, Sussex and John Sts., Ottawa, 
Canada. ^Senior Pharmacologist. (3, 1937) 
Morris, Harold P., M.S., Ph.D. National Cancer 
Institute, Bethesda, Md. Senior Nutrition Chem- 
ist, V. S. Public Healih Service. (2, 1944; 5, 
1943) 

Morris, Marion C. Public Health Research Insti- 
tute of City of New York, Foot of East 15th St., 
New Y'ork City. (6, 1936) 

Morrison, Dempsie B., M.S., Ph.D. University 
of Tennessee College of Medicine, Memphis. 
Associate Professor of Chemistry. (2, 1936) 
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Morrison, James L., Ph.D. Emory University 
School of Medicine, Emory University, Ga. 
Assts^ani Professor of Pharmacology. (3, 1944) 
Morse, Minerva, M.S., Ph.D. 5525 Kimbark 
Ave., Chicago, 111. Research Associate, Depart- 
merit of Pediatrics, University of Chicago. 
(2, 1934) 

Morse, Withrow, Ph.D. 32 Manchester Rd., 
Eastchester, via Tuckahoe, N. Y. Consultant. 
(2, 1914) 

Mortimer, Bernard, Ph.D., M.D. 250 N. Ottawa 
St., Joliet, III. Cook County Hospital, Chicago, 
111. (1, 1936) 

Morton, John J., M.D. University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N. Y. Professor of Surgery. (4, 1927) 
Mosenthal, Herman O., M.D. 889 Lexington 
Ave., New York City. Professor of Medicine, 
New York Post-Graduate Medical School. (2, 
1915) 

Moulton, C. Robert, Ph.D. 5717 Kenwood Ave., 
Chicago, 111. Editor. (5, 1933) 

Moxon, Alvin L., M.S., Ph.D. College Station, 
Brookings, S. D. Chemist, South Dakota Agri- 
cultural Experiment Station. (2, 1944) 

Moyer, Carl A., Ph.D.* Seymour Hospital, Eloise, 
Mich. Assistant Professor of Surgery. (1, 1943) 
Mudd, Stuart, M.A., M.D. University of Penn- 
sylvania, Philadelphia. Professor of Bacteri- 
ology. (1, 1921; 4, 1927; 6, 1927) 

Muehlberger, Clarence W., M.S., Ph.D. State 
Health Department Laboratories, Lansing, Mich. 
State Toxicologist. (3, 1928) 

Mueller, J. Howard, M.S., Ph.D. 2176 Centre St., 
N. Roxbury, Mass. Professor of Bacteriology and 
Immunology, Harvard Medical School. (2, 1922; 
4, 1927; 6, 1920) 

Mukherji, B,, M.B., D.Sc. All-India Institute of 
Hygiene and Public Health, Calcutta. Director, 
Biochemical Standardization Laboratory. (3, 
1938) 

Mulder, Arthur G., Ph.D. University of Ten- 
nessee College of Medicine, Memphis. Asso- 
ciate Professor of Physiology. (1, 1937) 
Mulinos, M. G., M.D., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, 630 
W. 168th St., New York City. Associate Profes- 
sor of Pharmacology. (3, 1931) 

Mult, James W., Ph.D. Maternity Hospital, 
2085 Adelbert Rd., Cleveland, 0. Senior In- 
structor in Biochemistry in charge of Biochemical 
Research in Obstetrics, Western Reserve Uni- 
versity. (2, 1937) 

Mullin, F. J., M.S., Ph.D. University' of Chicago, 
Chicago, 111. Assistant Professor of Physiology. 
(1, 1937) 

Munsell, Hazel E. 8 N. Main St., Monson, ^lass. 
(5, 1933) 


Muntwyler, Edward, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biochemistry. (2, 1931) 

Murlin, John R., A.M., Ph.D., Sc.D, University 
of Rochester Medical School, 260 Crittenden 
Blvd., Rochester, N. Y. Lewis P. Ross Profes- 
sor Emeritus of Physiology and Director of De- 
partment of Vital Economics. (1, 1906; 2, 1908; 
5, 1933) 

Murphy, James B., M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member. (4, prior to 1920) 
Murray, Everitt G. D., O.B.E., B.A. honors in 
Natural Science, M.A., L.M.S.S.A., F.R.S.C. 
McGill University, Montreal, Canada. Profes- 
sor of Bacteriology and Immunology and Head 
of the Department, McGill University; Bacleri- 
ologist-in-Chief to the Royal Victoria Hospital, 
to the Children's Memorial Hospital and to the 
Alexandra Hospital. (6, 1933) 

Myers, Chester N., Ph.D., Sc.D. 34 Cedar Place, 
Yonkers 5, N. Y. Chief, Division Chemother- 
apy, N. Y. Skin and Cancer Hospital; Asso- 
ciate in Dermatology and Syphilology, College of 
Physicians and Siirgeons; Research Chemist, 
Vanderbilt Clinic; Director, Chemical and 
Clinical Research, H. A. Metz Laboratories,. 
Inc. (2, 1922) 

Myers, Victor C., M.A., Ph.D., Sc.D. School of 
Medicine, Western Reserve University', Cleve- 
land, 0. Professor and Director of Biochemistry. 
(1, 1916; 2, 1910; 5, 1933) 

Nachmansohn, David, M.D. Dept, of Neurology’, 
College of Phy'sicians and Surgeons, Columbia 
University, 630 W. 168th St., New York City. 
Research Associate in Neurology. (1, 1940) 
Nadler, J. Ernest, M.D., Med. D.Sc. U. S. Navy 
Recruiting Station, 383 Madison Ave., New York, 
N. Y. Instructor in Medicine; Lt. Comdr.. {M.C.) 
(3, 1940) 

Nahum, Louis N., M.D. 1142 Chapel St., New 
Haven, Conn. Assistant Professor of Physi- 
ology, Yale University. (1, 1934) 

Nash, Thomas P., Jr., M.A., Ph.D. 875 Monroe 
Ave., Memphis, Tenn. Professor of Chemistry, 
College of Medicine; Dean of School of Biological 
Sciences, University of Tennessee. (2, 1923) 
Nasset, Edmund S., M.S., Ph.D. University of 
Rochester, 260 Crittenden Blvd., Rochester, 
N. Y. Associate Professor of Physiology; 
Major, San. Corps. (1, 1932; 5, 1940) 
Nathanson, Ira T., M.S., M.D.* Massachusetts 
General Hospital, Boston. Instructor in Surgery, 
Harvard Medical School; Assistant in Surgery, 
Mass. General Hospital. (1, 1943) 

Nathanson, Morris D., M.D. 658 S. Bonnie Brae 
St., Los Angeles, Calif. Associate Clinical Pro- 
fessor of Medicine, University of Southern Cali- 
fornia School of Medicine. (3, 1940) 
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Ncchclcs, Heinrich, M.D., Ph.D. Micliaol Rccso 
Hospital, Chicago, HI. Director, Dept, of 
Gastro'-inlcstinal Physiology, Michael Reese 
Hospital; Professorial Lecturer in Physiology, 
Unirersity of Chicago. (1, 1929) 

Neill, Janies M., Ph.D. Medictil College, Cornell 
University, 1300 York Avc., New i’^ork City. 
Professor of Bacteriology and Immunology. 
(G, 1930) 

Neilson, Charles Hugh, A.M., Ph.D., M.D. 
Humboldt Building, St. Louis, Mo. Associate 
Dean and Professor of Medicine, St. Louis 
Unirersity Medical School. (2, 1906) 

Nelson, Arthur A.v M.D., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington, D. C. Senior Pathologist, Division of 
Pharmacology. (4, 1942) 

Nelson, Carl Ferdinand, M.D., Ph.D. Depart- 
ment of Biochemistry, University of Kansas, 
Lawrence. Professor of Physiological Chemis- 
try. (2,1914) . 

Nelson, Carl T., A.M., D.M.D., M.D. 4th Service 
Command Laboratory, Ft. McPherson, Ga. 
Captain, M. C., A. U. S. (G, 1943) 

Nelson, Erwin E., Ph.D., M.D. The Burroughs 
Wellcome and Co., E.xperimental Research 
Laboratories, Tuokahoe, N. Y. Director of Re- 
search Laboratories. (1, 1923 ; 3, 1924) 

Nelson, E. M., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, IVash- 
ington 25, D. C. Chief, Vitamin Division. (2, 
1927; 5, 1933) 

Nelson,' John B., Ph.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member. (4, 1934) 

Nelson, John M., Ph.D. Columbia University, 
New York City. Professor of Organic Chem- 
istry. (2, 1923) 

Nelson, P. Mabel, M.S., Ph.D. Iowa State 
College, Ames. Dean, Division of Home Econom- 
ics. (5, 1934) 

Nelson, Tell, M.A., M.D., 0-263312. Surgeon’s 
Office Headquarters, A.P.0. 958, c/o Postmaster, 
San Francisco, Calif. Major, M.C., U.S.A. (6, 
1938) 

Nelson, . Victor E., M.S. Iowa State College, 
Ames. Professor of Physiological Chemistry. 
(2, 1924 ; 5. 1933),' 

Nelson, Warren O., M.S., Ph.D. Dept, of Anat- 
omy, School of Medicine, Univ. of Iowa, Iowa 
City. Professor of Anatomy. (1, 1937) 

Neter, Erwin, M.D. School of Medicine, Uni- 
versity of Buffalo, 24 High St., Buffalo, N. Y. 
Attending Bacteriologist, Children’s Hospital. 
(G, 1937) 

NetUeship, Anderson, M.D. Indianapolis City 
Hospitals, Indianapolis. Pathologist in Chief; 
Associate Pathologist, University of Indiana 
Medical School. (4, 1942) 


Hit 

Neuberg, Carl, Ph.D., M.D. (h.c.), Med. Chem. D. 
(h.c.), Biol. D. (h.c.), Dr. Eng. (h.c.), LL.D. 
905 Westend Ave., New York City. Research 
Professor, New York University; Member or hon. 
member of ike Academics of Science of Copen- 
hagen, Gottingen, Leningrad, Lisbon, Lund, Prag, 
Rome and Upsala. (2, 1944) 

Neumann, Charles, M.D.* Rockefeller Institute 
for Medical Research, 6Gth St. and York Ave., 
New York, N. Y. Assistant in Medicine and 
Assistant Resident Physician. (1, 1944) 
Ncurath, Hans, Ph.D. School of Medicine, Duke 
University, Durham, N. C. Assistant Professor 
of Biochemistry. (2, 1940) 

Neuwelt, Frank, M.D. 504 Broadway, Gary, 
Ind. Research Associate, Department of Gastro- 
intestinal Research, Michael Reese Hospital. 
(1, 1940) 

Neuwirth, Isaac, Ph.D. 209 E. 23rd St., New 
York City. Associate Professor of Pharma- 
cology and Therapeutics, New York University 
College of Dentistry. (2, 1924 ; 3, 1931) 
Newburgh, L. H., M.D. University of Michigan, 
Ann Arbor. Professor Clinical Investigation, 
Medical School. (5, 1933) 

Nice, Leonard B., Ph.D. Chicago Medical School, 
710 S. Wolcott Ave., Chicago, 111. Professor of 
Physiology and Pharmacology. (1, 1921) 
Nicholas, John S., M.S., Ph.D. Osborn Zoological 
laboratory, Yale University, New' Haven, Conn. 
Bronson Professor of Comparative Anatomy. 
(1, 1927) 

Nicholson, Hayden C., M.S., M.D. University of 
Michigan, Ann Arbor. Associate Professor of 
Physiology! Major, Office of the Air Surgeon, 
Hq. Army Air Forces, Washington S5, D. C. (1, 
1932) 

Nicolel, Ben H., Ph.D. Bureau of Dairy In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Senior Chemist. (2, 1932) 

Niemann, Carl G., Ph.D. California Institute of 
Technology, Pasadena 4, Calif. Associate Pro- 
fessor, Organic Chemistry. (2, 1940) 

Nigg, Clara, M.A., Ph.D. c/o E. R. Squibb & Sons, 
New Brunswick, N. J. (6, 1929) 

Nims, Leslie F., M.A., Ph.D. Yale University 
School of Medicine, 333 Cedar St., New Haven, 
Conn. Assistant Professor of Physiology. (1, 

1940) 

Noble, Robert Laing, M.D., Ph.D. Research 
Institute of Endocrinology, McGill University, 
Montreal, Canada. Research Assistant. (1, 

1941) 

Nord, F. F., Ph.D. Fordham University, Dept, of 
Organic Chemistry, New York City. Professor of 
Chemistry. (2, 1940) ' 

Norris, Earl R., Ph.D. University of Washington, 
Seattle. Professor of Chemistry. (2, 1938) 
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Norris, L. C., Ph.D. Rice Hall, Cornell Univer- 
sity, Itha:ca, N. Y. Professor of Nutrition; 
Secretary, School of N^ltrition. (2, 1939; 5, 1934) 
Northrop, J. H., M.A., Ph.D., Sc.D., LL.D. 
Rnckefeller Institute for Medical Research, 
Princeton, N. J. Memier. (2, 1938) 

Northup, David W., M.A., Ph.D. West Virginia 
University Medical School, Morgantown. Asso- 
ci’atc Professor of Physiology. (1, 1936) 

Novy, F. G., M.D., Sc.D., LL.D. 721 Forest 
Ave., Ann Arbor, Mich. Dean Emeritus of the 
Medical School and Professor Emeritus of Bac- 
teriology, University of Michigan; Member, 
National Academy of Sciences. (2, 1906) 

Nye, Robert N., M.D. Boston City Hospital, Bos- 
ton, Mass. Editor, New England Journal of 
Medicine. (6, 1923) 

Oberst, Fred W., M.S., Ph.D. The Wm. S. Merrell 
Co., Lockland Station, Cincinnati, 0. Chief, 
Division of Bioche?nistry. (2, 1936) 

Ochoa, Severo, M.D. New York University 
College of Medicine, New York City. Research 
Associate in Medicine. (2, 1942) 

Ogden, Eric, M.R.C.S. (England), L.R.C.P. 
(London). University of California, Berkeley. 
Assistant Professor of Physiology. (1, 1941) 
O’Hare, James P., M.D. 520 Commonwealth 
Ave., Boston, Mass. Physician, Peter Bent 
Brigham Hospital; Assistant Professor of 
Medicine, Harvard Medical School. (4, 1927) 
Okey, Ruth, Ph.D. 1583 Life Sciences Bldg., 
University of California, Berkeley. Professor of 
Home Economics and Biochemist, State Exp. 
Station. (2, 1922; 5, 1933) 

Olcott, Harold S., M.S., Ph.D. Western Regional 
Research Laboratorj’-, U. S. Department of 
Agriculture, Albany 6, Calif. Senior Chemist. 
(2,1935) 

Vy, Peter K„ M.D. Rockefeller Institute 
Medical Research, 66th St. and York Ave., 
jfc .vv York City. Member. (4, 1923; 6, 1917) 

^ iver, Jean Redman, M.D. Hoagland Labora- 
tory, 335 Henry St., Brooklyn, N. Y. Professor 
of Pathology, Long Island College of Medicine. 
(1, 1924 ; 4, 1924) 

Oliver, Wade W., M.D. Hoagland Laboratory, 
335 Henrj’’ St., Brooklyn, N. Y. Professor of 
Bacteriology, Long Island College of Medicine. 
(4, 1925) 

Olmsted, J. M. D., M.A., Ph.D. University of 
California, Berkeley. Professor of Physiology. 
(1,' 1920) 

Olson, Carl, Jr., D.V.M., Ph.D. IMassachusetts 
State College, Amherst. Research Professor of 
Veterinary Science. (4, 1937) 

Opie, Eugene L., M.D., Sc.D., LL.D. Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York 21, N. Y. Member, Na- 


tional Academy of Sciences. (1, 1906; 4, 1913; 
6, 1923) 

Oppenheimer, Enid Tribe. 124 E. 61st St., New 
York City. Instructor in Physiology, Columbia 
University. (1, 1932) 

Oppenheimer, Ernst, M.D. C^iba Pharmaceutical 
Products, Inc., Lafayette Park, Summit, N. J. 
Vice-President in charge of Medical Research, 
(3, 1944) 

Oppenheimer, Morton Joseph, Ed.M., M.D. 
3400 N. Broad St., Philadelphia, Pa, Associate 
Professor of Physiology, Temple University 
School of Medicine. (1, 1942) 

Orent-Keiles, Elsa, D.Sc. Bureau of Human Nu- 
trition and Home Economics, U. S. Department 
of Agriculture, Beltsville, Md. In Charge of 
Nutrition Investigations; Assistant Chief, Foods 
and Nutrition Division. (2, 1935; 5, 1935) 

Ort, John M., Ph.D, 356 Raymond St., Rockville 
Centre, Long Island, N. Y. ; American Pharma- 
ceutical Company, New York City. Director of 
Laboratories. (2, 1932) 

Orten, James M., M.S., Ph.D, Wayne University 
College of Medicine, Detroit, Mich. Assomate 
Professor of Physiological Chemistry. (2, 1936; 
5, 1937) 

Orth, O. Sidney, M.S., Ph.D., M.D, University 
of Wisconsin Medical School, Madison. Assistant 
Professor of Pharmacology. (1, 1942; 3, 1944) 
Osborne, Stafford L., B.P.E., M.S., Ph.D. 
Northwestern University Medical School,' 303 
E. Chicago Ave., Chicago, 111. Assistant Pro- 
fessor of Physical Therapy. (1, 1941) 

Oster, Robert H., Ph.D. University of Maryland 
Medical School, Greene and Lombard Sts., 
Baltimore. Assistant Professor of Physiology. 
(1, 1938) 

Osterberg, Arnold E., M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Head, Clinical Biochemistry; 
Associate Professor, Mayo Foundation. (2, 
1933) 

Osterhout, Marian I.* Rockefeller Institute for 
Medical Research, 66th St. and York Ave., New 
York City 21. (1, 1944) 

Osterhout, W. J. V., Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Mem- 
ber Emeritus of the Institute; Member of the 
National Academy of Sciences. (1, 1910) 

Owen, Seward E., M.S., Ph.D. 418 So. 20th Ave., 
Maywood, 111. Major, S. E. Sn. Corps. (1, 1938) 
Pace, Donald M., Ph.D.* Dept, of Physiology and 
Pharmacology, College of Pharmacy, University 
of Nebraska, Lincoln. Associate Professor of 
Physiology. (1, 1944) 

Pack, George T,, M.D. 139 E. 36th St., New 
York City 16. Fellow in Cancer Research, Me- 
morial Hospital. (1, 1924) 

Packchanian, Ardzroony, Ph.D. School of Medicine, 
University of Texas, Galveston. Associate Pro- 
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fmor of Bacteriology and Tropical Medicine. 
(6, 1943) 

Page, Irvine H., IM.D. Indianapolis City Hos- 
pital, Indianapolis, Ind. Director of Clinical 
Research. (1, 1937 ; 2, 1932) 

Painter, Elizabeth E., Ph.D. College of Physicians 
and Surgeons, Columbia Univoraity, 530 W. ICSth 
, St,, Non’ York. Distructor in Physiology. (1, 
1911) 

Palmer, Albert H., Ph.D. Pennsylvania State 
College School of Agriculture, State College. 
Asstsiant Professor of Biochemistry. (2, 1934) 
P’An, S. Y., M.D. Peiping Union Medical Col- 
lege, Peiping, China. Assistant in Pharma- 
cology. (3, 1941) 

Pangborn, Mary C., Ph.D. 20 Morris St., Albany, 
N. Y. Assistant Biochemist, New York State 
Department of Health, Division of Laboratories 
and- Research. (2, 1941) 

Pappenheimer, Alwin M., Jr., Ph.D. 19th Medical 
General Laboratory, APO 5467, c/o Postmaster, 
San Francisco, Calif. Major, Sn.C., AUS. (2, 
1941; 6, 1938) 

Pappenheimer, Alwin M., M.D. 630 W. 16Sth St., 
New York City. Professor of Pathology, Colum- 
bia University. (4, 1922) 

Park, Edwards A., M.D. Johns Hopkins Hospital, 
Baltimore, Md. Professor of Pediatrics, Johns 
Hopkins University. (4, 1923) 

Parker, George Howard, Sc.D. 16 Berkeley St., 
Cambridge, Mass. Professor of Zoology Emeri- 
tus, Harvard University; Member of the National 
Academy of Sciences. (1, 1900) 

Parker, Robert F., M.D. Lakeside Hospital, 
2065 Adelbert Rd., Cleveland, O. Associate 
Professor of Medicine. (4, 1942 ; 6, 1935) 
Parkins, William M., M.A., Ph.D. School of 
Medicine, University of Pennsylvania, Phila- 
delphia. Research Associate, Harrison Depart- 
ment of Surgical Research. (I, 1939) 

Parpart, Arthur K., Ph.D. Guyot Hall, Princeton 
University, Princeton, N. J. Associate Profes- 
sor of Physiology. (1, 1937) 

Parr, Leland W., Ph.D. The George Washington 
University School of Medicine, 1335 H St., N.W. 
Washington, D. C. Professor of Bacteriology. 
(4, 1940) 

Parsons, Helen T., M.S., Ph.D. University of 
Wisconsin, Madison. Professorof Home Econom- 
ics; In Charge of Pitrnell Research in Nutrition. 
{2, 1929; 5, 1933) 

Parsons, Robert J., M.D. University of Michi- 
gan) Ann Arbor. Assistant Professor of Path- 
ology. (4, 1939) 

Paschkis, Karl E., M.D. 1025 Walnut St., Phila- 
delphia, Pa. J. Ewing Mears Fellow in Physi- 
■ ology and Medicine, Jefferson Medical College; 
Chief Clinical Assistant, Endocrine Clinic, 
Jefferson Medical College Hospital. (I, 1942) 


Patterson, Thos. L., A.M., M.S., Ph.D. Wayne 
University College of Medicine, 1612 St. Antoine 
St., Detroit, Mich. Research Professor of Physi- 
ology. (1, 1920) , ’ 

Paul, John R,, M.D., A.M. 330 Cedar St., New 
Haven, Conn. Professor of Preventive Medicine, 
Yale University Medical School. (4, 1927; 6, 
1937) 

Pearce, John Musser, M.D. Long Island College 
of Medicine, Hoagland Laboratory, 335 Henry 
St., Brooklyn, N. Y. Associate Professor of 
Pathology. (4, 1942) 

Pearce, Louise, M.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member in Pathology and Bacteriology. (3, 
1916; 4, 1925) 

Pearcy, Frank, Ph.D., M.D. 471 Park Ave., New 
York City. (1, 1928) 

Pearse, Herman E., M.D. School of Medicine 
and Dentistry, University of Rochester, Crit- 
tenden Blvd., Rochester, N. Y. Associate 
Professor of Surgery. (4, 1932) 

Pearson, Paul B., Ph.D. A & M College of Texas, 
College Station. Professor of Nutrition; Nutri- 
tionist, Agricultural Experiment Station. (2, 
1944 ; 5, 1940) 

Pease, Marshall C„ Jr., M.D. 155 E. 62nd St., 
New York City. Clinical Professor of Pedi- 
atrics, New York Post-Graduate Medical School 
and Hospital, Columbia University. (G, 1920) 
Pemberton, Ralph, M.S., M.D. University of 
Pennsylvania, Philadelphia. Professor of Medi- 
cine, Graduate School of Medicine. (5, 1933) 
Penfield, Wilder G., M.D., D.Sc. McGill Uni- 
versity, Montreal, Que., Canada. Professor of 
Neurology and Neurosurgery. (1, 1932) 
Pennington, Mary Engle, Ph.D. 233 Broadway, 
New York 7, N. Y. Consultant in Connection 
with the Handling, Transportation and Storage 
of Perishables. (2, 1908) 

Peoples, S. Anderson, M.D. Baylor University 
College of Medicine, Houston, Te.\-as. Professor 
of Pharmacology. (3, 1937) 

Perlzweig, William A., A.M., Ph.D. Box 3711, 
Duke Hospital, Durham, N. C. Professor of 
Biochemistry, Duke University; Biochemist, 
Duke Hospital. (2, 1924; 5, 1944) 

Permar, Howard H., M.D. Pathologic Labora- 
tories, Mercy Hospital, Pittsburgh, Pa. Direc- 
tor of Laboratories. (4,1925) 

Peters, John P., M.D. 123 Marvel Road, New 
Haven 15, Conn. Sterling Professor of Medicine, 
Yale University. (2, 1922)- 
Petersen, William F., M.D. 1322 Astor St., 
Chicago, III. Professor of Pathology, University 
of UUnais. (3, 1923 ; 4, 1923) 

Peterson, William H., A.M., Ph.D. Biochemistry 
Building, University of Wisconsin, Madison. 
Professor of Biochemistry. (2, 1919; 5, 1936) 
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Petroff, S. A., Ph.D., Sc.D. Sea View Hospital, 
West New Brighton, Staten Island, N. Y. 
Director of Bacteriology and Immunology. 
(G, 1926) 

Pett, L. B., M.D., Ph.D. Department of National 
Health and Welfare, Ottawa, Canada. Director, 
of Nutrition. (2, 1937) 

Peugnet, Hubert B., M.D. 4530 McPherson, 
St. Louis, Mo. Major, M.C. (1, 1938) 

Pfeiffer, Carl C., Ph.D., M.D. Naval Medical 
Research Institute, Bethesda, hldl Lieutenant, 
M.C., U.S.N.R. (3, 1938) 

Pfiffner, Joseph J., Ph.D. Research Laboratories, 
Parke, Davis & Co., Detroit 32, Midi. Research 
■ Chemist. (1, 1931; 2, 1931) 

Phatak, Nilkanth M., M.S., Ph.D. North Pacific 
College of Oregon, School of Dentilatry , Portland. 
Associate Professor of Physiology, Pharmacology, 
and Research; and Instructor, Dept, of Phar- 
macology, University of Oregon Medical School, 
Portland. Captain, Sn. C. (3, 1941) 

Phillips, Paul H., Ph.D. University of Wisconsin, 
Madison. Professor of Biochemistry. (2, 1940; 
5, 1938) 

Phillips, Robert Allan, M.D. Rockefeller Insti- 
tute for Medical Research, New York City. 
Fellow, (1, 1938) 

Pick, Ernst Peter, M.D . 19 E . 98th St. , New York 
City. Associate Pharmacologist to the Mt. 
Sinai Hospital; Clinical Professor of Pharma- 
cology in Columbia University. (3, 1940) 
Pierce, Harold B., M.S., Ph.D. College of Medi- 
cine, University of Vermont, Burlington. Pro- 
sser and Head of Physiological Chemistry. 
(2, 1929; 5, 1933) 

Pierce, Harold Fisher, Ph.D., M.D. Old Farms 
Convalescent Hospital, Avon, Conn. Major, MC; 
Surgeon, Old Farms Hospital, ASF. (1, 1928) 
Pierce, Ira H., M.S., Ph.D. Univ. of Iowa, Iowa 
City. Associate Professor of Pharmacology. 
(3, 1933) 

Pike, Frank H., Ph.D. 630 W. 168th St., New 
York City. Assoefafe Professor of Physiology, 
Columbia University. (1, 1907) 

Pilcher, J. Douglas, M.D. City Hospital, Scran- 
ton Road, Cleveland, O. Associate Professor of 
Pediatrics, Western Reserve Medical School. 
(1, 1912; 3, 1911) 

Pillemer, Louis, Ph.D. The Gilliland Laboratories, 
Inc., Marietta, Pa. (6, 1942) 

Pincus, Gregory, M.S., Sc.D. Clark University, 
Worcester, Mass. Visiting Professor of Experi- 
mental Zoology. (1, 1935) 

Pinkerton, Henry, M.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor of 
Pathology. (4, 1931) 

" Pinkston, James O., Ph.D. 6627 Heartwood Dr., 
Oakland, Calif. Professor of- Pharmacology, 


School' of Medicine, American University of 
Pemtt. (1, 1936;3, 1939) 

Pinson, Ernest A., Ph.D.* Biophysics Branch, 
Aeromedical Laboratory, Wright Field, Dayton, 
0. Major, Air Corps. (1, 1943) 

Pittman, Martha S., A.M., Ph.D. Khnsas State 
College, Manhattan. Head of Department of 
' Food Economics and Nutrition. (5, 1933) 

Pitts, Robert F., Ph.D., M.D. Cornell Medical 
Center, 1300 York Ave., New. York City. Asso- 
ciate Professor of Physiology. (1, 1934) 

Plass, Everett D., M.D. University Hospital, 
Iowa City, Iowa. Professor and Head of De- 
partment of Obstetrics and Gynecology, State 
University of Iowa. (2, 1922) 

Plotz, Harry, M.D. Army Medical Center, Armiy 
Medlcal'School, Washington, D . C . Colonel, Chief 
of the Division of Virus and Rickettsial Diseases; 
Chief of Service, Pasteur Institute, Paris, France. 
(6,1917) 

Pohlman, Augustus G., M.D. 4056 Farmouth Dr., 
Los Angeles, Calif. Associate Clinical Professor, 
Department of Otolaryngology, University of 
Southern California School of Medicine: (1, 
1934) 

Pollack, Herbert, Ph.D., M.D. 598 Madison Ave., 
New York City 22. Associate in Medicine and 
\ Physician in Charge of Metabolism Clinics, Mt. 
Sinai Hospital. (1, 1933; 5, 1935) 

Pomerat, Charles Marc, Ph.D.* University of 
Texas Medical School, Galveston. Professor of 
Anatomy. (1, 1944) 

Pond, Samuel E., A.M.,_Ph.D, 400 S. Main St., 
East Hartford, Conn. Consulting Engineer, P* 
and W. A. Division, United Aircraft Corp. (1, 
1924) 

Ponder, Eric, M.D., Sc.D. The Nassau Hospital, 
Mineola, Long Island, N. Y. (1, 1931) 

Popper, Hans, Ph.D., M.D. University of Illinois 
College of Medicine, 1825 W. Harrison St., 
Chicago. Director of Laboratories and of the Hek- 
toen Institute for Medical Research of Cook 
County Hospital. (4, 1942) 

Porter, Eugene L., A.M., Ph.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Physiology. (1, 1913) 

Porter, Thelma, University of Chicago, Chicago, 
El. Prof, and Head of Department of Home 
Economics. (5, 1944) 

Porter, William Townsend, M.D., Sc.D., LL.D. 
Dover, Mass. Professor Emeritus of Compara- 
tive Physiology, Harvard University. (1, 1891) 
Potter, Truman S., M.D. Dartmouth Medical 
School, Hanover, N.H. (6, 1939) 

Potter, Van Rensselaer, M.S., Ph.D. McArdle 
Memorial Laboratory, University of Wisconsin 
• Medical School, Madison. Assistant Professor of 
Oncology. (2, 1941) 
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Potilzk}-, Olga R., M.D., D.P.II. 235 E. 22nd 
St., New York City, Bacteriologist, Bureau of 
Laboratories, A’cir Fork Citg Department of 
Health. (G, 1920) 

Powell, Horace M., Sc.D. S5G5 Washington 
i Bird., Indianapolis, Ind. Bacteriologist, Eli 
; Lilly & Co. (6, 1934) 

I Power, Marschellc H., M.S., Ph.D. Mayo Clinic, 
i Rochester, Minn. Assoctatc Professor of Physi- 
I ological Chemistry, Mayo Foundation, Univer- 
sity of Minnesota. (2, 1932) 

Pratt, Frederick H., A.M., M.D. Wellesley Hills 
S2, Mass. Professor of Physiology, Emeritus, 
Boston University School of Medicine. (1, 1919) 

Pratt, Joseph H., A.M., M.D. Sc.D, New England 
Medical Center, 25 Bennet St,, Boston, Mass. 
Bhy$ieian-in-Chief, Boston Dispensary, and 
Loseph H. Pratt Diagnostic Clinic; Professor of 
Clinical Medicine, Tufts Medical School. (1, 

I I910;3, lOlOsJ, 1927) 

I Preisler, Paul W., M.S., Ph.D. 3420 Longfellow 
Bird., St. Louis, Mo. Major, Sn.C., Brooke 
General Hospital, Fort Sam Houston, Texas. 
{On leave, Washington Univ. Medical School.) 
(2. 1931) 

Prinzmetal, Myron, M.A., M.D. 2007 Wilshira 
Bird., Los Angeles, Calif. Instructor in Medi- 
cine and Lecturer in Physiology, University of 
Gouthern California Medical School. (3, 1941) 

Prosser, C. Ladd, Ph.D. University of Illinois, 
Prbana. Associate Professor of Physiological 
Zoology. ( 1 , 1935) 

Pneher, George W., Ph.D. Connecticut Agri- 
cultural - Experiment Station, New Haven. 

■ Hmarch Associate. (2, 1927) 

^ Pnestow, Charles B., M.D., M.S., Ph.D, Uni- 
versity of Illinois, College of Medicine, 1853 
Polk St., Chicago. Assistant Professor of 
^^rgery. Li. Col. {MC) AUS. (I, 1934) 

Pngsley, Leonard I., Ph.D. Department of 
Pensions and National Health, Laboratory of 
%giene, Ottawa, Canada. Pharmacologist. 
(2, 1937) 

Queen, Frank B., M.D. Passavant Memorial 
Hospital, Chicago, HI. Assistant Professor of 
Balhology, Northwestern University Medical 
School; Assistant Director, Patterson Cancer 
Clinic of Northwestern University Medical School, 
and Director, Patterson Laboratory for Cancer 
Research, Passavant Memorial Hospital; Direc- 
kr of Laboratories, Passavant Memorial Hos- 
Pital. (4,1941) 

Quick, Armand J., M.D., Ph.D. 561 N. 15th St., 
‘^H'''uukee, Wis. Associate Professor of Phar- 
^acology^ Marquette Medical School. (2, 1932; 

3 , 1937 ) 


Quigley, J. P., Ph.D. Western Reserve Univer- 
sity, Cleveland, 0. Professor of Gasiro-Intesti- 
nal Physiology. (I, 1929) 

Qninby, William Carter, M.D. Peter Bent Brig- 
ham Hospital, Boston, Mass. Clinical Professor 
of Genito-urinary Surgery, Harvard Medical 
School. (1, 1916) 

Quinn, Edmond John, Ph.D. 106 N. Lee Ave., 
Rockville Center, Long Island, N. Y. Medic- 
inal Sales Division, Merck cfc Co., Inc., Rahway, 
N. J. (2, 1927; 5, 1933) 

Rabinowitch, I, M., D.Sc., M.D., C.M., P.R.C.P., 
F.A.C.P. 1020 Medicfil Arts Bldg., Sherbrooke 
and Guy Sts., Montreal 25, Canada. Associate 
Professor of Medicine and Lecturer in Biochemis- 
try, McGill University; Director, Department of 
Metabolism, Montreal General Hospital. (2, 
1928; 5, 1933) 

Rackemann, Francis M., M.D. 263 Beacon 'St., 
Boston, Mass. Physician, Massachusetls Gen- 
eral Hospital; Lecturer in Medicine, Harvard 
Medical School. (6, 1923) 

RafTel, Sidney, Sc.D., M.D. Department of 
Bacteriology and E.xperimental Pathology, Stan- 
ford University, Calif. Assistant Professor. 
(6, 1938) 

Kahn, Hermann, Ph.D.* University of Rochester 
School of Medicine and Dentistry, Rochester, N, 
Y. Instructor in Physiology. (1, 1944) 

Raiziss, George W., Ph.D. 1720 Lombard St., 
Philadelphia, Pa. Professor of Chemotherapy, 
Graduate School of Medicine, and Director, 
Dermatological Research Laboratory, University 
of Pennsylvania. (2, 1913) 

Rake, Geoffrey W., M.B., M.R.C.S., L.R.C.P. 
Division of Microbiology, The Squibb Institute 
for Medical Research, New Brunswick, N. J. 
Head, Division of Microbiology. (G, 1939) 

Rakestraw, Norris W., A.M., Ph.D. Brown 
University, Providence, R. I. Professor of 
Chemistry. (2, 1925) 

Rakieten, Nathan, Ph.D. Cheplin Biological 
Laboratories, Syracuse, N. Y. Penicillin Unit 
(1, 1941) • ' 

Rain, Elaine P., M.D. 477 First Ave., New York 
City. Associate Professor of Medicine, New 
York University College of Medicine. (I, 1934- 
5, 1933) 

Ralls, James O., Ph.D. 24 High St., Buffalo, N) Y. 
Assistant Professor of Biological Chemistry, 
University of Buffalo School of Medicine (2 
1944) 

Rammelkamp, Charles H., M.D. Commission on 
Acute Respiratory' Diseases, Station Hospital, 
Section 2, Fort Bragg, N. C. Instructor of Medi’- 
cine, Boston University Medical School (on 
leave); Consultant to the Secretary of IFar (6 
1943) 
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Ramsey, Robert Weberg, M.S., Ph.D. Medical 
College of Virginia, Richmond. Associaie Pro- 
fessor of Physiology and Pharmacology. (1, 
1939) 

Randall, Lowell O., Ph.D. Burroughs Wellcome 
Co., Tuckahoe, N. Y. Pharmacologist. (2, 1939) 
Randall, Walter C., M.S., Ph.D.* St. Louis Uni- 
versity, School of Medicine, 1402 S. Grand Blvd., 
St. Louis, Mo. Instructor in Physiology. (1, 1943) 
Rane, Leo, Ph.D. Lederle Laboratories, Inc., 
Pearl River, N. Y. Department Head, Normal 
Blood Plasma. (G, 1942) 

Rapoport, Samuel, M.D., Ph.D. The Children’s 
Hospital Research Foundation, Elland and 
Bethesda, Cincinnati, 0. Research Associate. 
(2, 1941) 

Rapport, David, M.D. 416 Huntington Ave., 
Boston, Mass. Professor of Physiology, Tufts 
College Medical School. (1, 1922) 

Rasmussen, Andrew Theodore, Ph.D. Univer- 
sity of Minnesota Medical School, Minneapolis. 
Professor of Neurology. (1, 1919) 

Ratner, Bret, M.D. New York University Col- 
lege of Medicine, 50 E. 78th St., New York City. 
Professor of Pediatrics. (4, 1940; 6, 1928) 
Ratner, Sarah, Ph.D. Dept, of Medicine, College 
of Physicians and Surgeons, Columbia University, 
630 W. 168th St., New York City. Associate in 
Biochemistry. (2, 1944) 

Raulston, B. O., M.D. 200 S. Hudson Ave., Los 
Angeles, Calif. Professor of Medicine, Director 
of Clinical Teaching, and Associate Dean, the 
University of Southern California, School of 
Medicine. (3, 1942) 

Ravdin, I. S., M.D. University of Pennsylvania 
School of Medicine, Philadelphia. Harrison 
Professor of Surgery; Surgeon, Hospital of the 
University of Pennsylvania. (1, 1930; 4, 1930) 
Ray, George B., A.M., Ph.D. Long Island Col- 
lege of Medicine, 350 Henry St., Brooklyn, 
N. Y. Professor of Physiology and Pharma- 
cology. (1, 1924) 

Raymond, Albert L., Ph.D. G. D. Searle & Co., 
P. O. Box 5110, Chicago 80, Rl. Director of Re- 
search. (2, 1932) 

Reback, John F., M.S. 402 E. Dubail Ave., South 
Bend, Ind. Research Fellow, Laboratories of Bac- 
teriology, University of Notre Dame. (6, 1943) 
RedOcld, Alfred C., Ph.D. Woods Hole, IMass. 
Professor of Phijsiology, Harvard University. 
(1, 1919) 

Reed, Carlos Isaac, A.M., Ph.D. College of 
Medicine, University of Illinois, 1853 W. Polk 
St., Chicago. Professor of Physiology. (1, 
1923) 

Reed, Howard S., Ph.D. 304S Life Sciences 
Bldg., University of California, Berkeley. 
Professor of Plant Physiology. (2, 1909) 


Rees, Maurice Holmes, A.M., Ph.D., M.D. 
Universit}’' of Colorado School of Medicine, 
Denver. Professor of Physiology and Phar- 
macology; Dean of the University of Colorado ' 
School of Medicine and Hospitals. (1, 1922) 

Reid, Marion Adelaide, A.M., Ph.D. 80 E. 
Concord St., Boston, Mass. Instructor in j 
Physiology, Boston University. (1, 1941) 
Reimann, Hobart A., M.D. Jefferson Hospital, 
Philadelphia, Pa. Professor of Medicine, Jep 
ferson Medical College. (4, 1933) 

Reimann, Stanley P., M.D., Sc.D. 703 W. Phil- ; 
Ellena St,, Mount Airy, Philadelphia, Pa. i 
Director of the Research Institute of the Lankenau ; 
Hospital; Associate Professor of Surgical Pathol- ■ 
ogy. Graduate School of Medicine, University of 
Pennsylvania; Professor of Oncology, Hahne- 
mann Medical College and Hospital, Philadel- j 
phia. (1, 1921; 4, 1924) 

Reiner, Laszlo, M.D., Ph.D. 165 Franklin St., j 
Bloomfield, N. J. Research Department, Wallace ■ j 
& Tiernan Company. (2, 1942 ; 6, 1933) j 

Reinhold, John G., M.S., Ph.D. Philadelphia j 
General Hospital, 34th St. and Curie Ave., jj 
Philadelphia, Pa. Chief Biochemist; Instructor 
in Physiological Chemistry, University of Penn- 
sylvania. (2, 1936) 

Remington, John W., M.S., Ph.D.* University of 
Georgia, School of Medicine, Augusta. Assistant ; 
Professor of Physiology. (1, 1943) 

Remington, Roe E., M.A., Ph.D., D.Sc. 69 Atlantic < 
Coastal Highway, Charleston, S. C. Considtant. 

(2, 1930; 5, 1934) ■ 

Renfrew, Alice G., Ph.D. Mellon Institute of ^ 
Industrial Research, University of Pittsburgh, ; 
Pittsburgh, Pa. Fellow, Department of Research ^ 
in Pure Chemistry. (2, 1939) - 

Renshaw, Birdsey, M.A., Ph.D. Oberlin College, 
Oberlin, 0. Assistant Professor of Physiology- \ 
(1, 1941) ' _ ( 

Reynolds, Chapman, M.D. Louisiana State Uni- j 

versity, School of Medicine, New Orleans. Assfs/- 

ant Professor of Pharmacology. (3, 1937) 

Reynolds, Samuel R. M., Ph.D. School of Aviation 
Medicine, Randolph Field, Texas. Captain, A US; 
Research Associate, Department of Embryology, 
Carnegie Institution of Washingt07i. (1, 1932) 
Reznikofif, Paul, M.D. New York Hospital, 525 
E. 68th St., New York City. Assoefsifi Pro- 
fessor of Clinical Medicine, Cornell University 
Medical College. (1, 1927) 

Rhoads, Cornelius Packard, M.D. Memorial , 
Hospital, 444 E. 68th St., New York City. 
■Director. (4, 1930) 

Rice, Christine E., M.A., Ph.D. Department of ^ 
Bacteriology, Queen’s University, Kingston, 
Ontario, Canada. (6, 1938) 
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Rice, James C., A.M., Ph.D. University of Mis- 
sissippi, P. 0. Box 475, University. Professor of 
Pharmacology. (3, 1941) 

Rich, Arnold Rice, M.D, Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Pathology, Johns Hopkins University. (4, 
1924) 

Richards, Alfred N., A.M., Ph.D., Sc.D., M.D. 
(hon.), LL.D. University of Pennsylvania 
Medical School, Philadelphia. Professor of 
Pharmacology and Vice-President in Charge of 
Medical Affairs; Member, National Academy of 
Sciences. (1, 1900 ; 2, 1906 ; 3, 1909) 

Richards, Oscar W., AI.A., Ph.D. Research 
Department, Spencer Lens Co., 19 Doat St., 
Buffalo, N. Y. Research Biologist. (I, 1934) 
Richards, Richard Kohn, M.D. Abbott Labora- 
tories, Korth Chicago, III. Director, Pharma- 
cologic Research. (1, 1938) 

Richardson, Arthur P., M.D. Squibb Institute for 
Medical Research, Xew Brunswick, N. J. Head, 
Division of Pharmacology- (3, 1939) 

Richardson, Luther R., Ph.D. University of 
Missouri, Columbia. Instructor in Agricultural 
Chemistry. (5, 1942) 

Richter, Curt P., Ph.D. Phipps Psychiatric 
Clinic, The Johns Hopkins Hospital, Baltimore, 
Md. Associate Professor of Psycho-biology, 
Johns Hopkins University. Hi 1924) 

Richter, Maurice N., M.D. 303 E. 20th St., 
New York City. Professor of Pathology, Col- 
umbia University, New York Post-Graduate 
Medical School; Director, Department of Path- 
ology, Hew York Post-Graduate Medical School 
, and Hospital. (4, 1931) 

Ricketts, Henry T., M.D. Dept, of Medicine, 
University of Chicago, Chicago, 111. Associate 
Professor of Medicine. (1, 1940) 

Riddle, Oscar, Ph.D. Cold Spring Harbor, L. I., 
N. Y. Resident Staff, Carnegie Station for 
Drperfmental Evolution; Member of the National 
^eademy of Sciences . (1,1919) 

Riegel, Byron, A.M., Ph.D. Department of 
Chemistry, Northwestern University, Evanston, 
111. Associate Professor. (2, 1942) 

Ri«Sel, Cecilia, M.S., Ph.D. Room 563, Uni- 
versity Hospital, Philadelphia, Pa. Research 
■dssoctatc, Department of Research Surgery, 
University of Pennsylvania School of Medicine. 
_12. 1938) 

®iw, Fcrd A., M.D. 300 E. Nortn Ave., Balti- 
^°re, Md. Instructor in Neurology, Johns 
HopWns University. (1, 1933) 

Sdon, R. H., M.D. Univ. of Arkansas School of 
‘ Little Rock. Associate Professor of 

^<“hology.-{4, 1941) 


Riggs, Lloyd K., Ph.D. % Kraft Cheese Co., 
600 Peshtigo Court, Chicago, 111. Director of 
Research. (2, 1929) 

Rinehart, James P., M.D. University of Cali- 
fornia Medical School, Parnassus and Third 
Aves., San Francisco. Professor of Pathology 
and Medicine. (4, 1933) 

Ring, Gordon C., M.A., Ph.D. Box 616, Tomb- 
stone, Ariz. Captain, Medical Corps. (1, 1933) 
Rioch, David McKenzie, M.D. Washington Uni- 
versity School of Medicine, St. Louis, Mo. 
Professor of Neurology and Head of the, Depart- 
ment of Neuropsychiatry. (1, 1931) 

Rittenberg, David, Ph.D. 630 W. 168th St., 
New York City. Assistant Professor, College of 
Physicians and Surgeons, Columbia University. 
(2, 1939) 

Bitzman, E. G., A.M., Science (hon.). Univer- 
sity of New Hampshire, Durham. Research 
Professor. (5, 1933) 

Rivers, T. M., M.D., Se.D. The Hospital of the 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Direc- 
tor of the Hospital; Member of the National 
Academy of Sciences. (4, 1925; G, 1921) 

Robb, Jane Sands, Sc.D., M.D. College of Medi- 
cine, Syracuse University, 761 Irving Ave., 
Syracuse, N. Y. Associate Professor of Phar- 
macology. (1, 1924) 

Bobbins, Benjamin Howard, M.S. , M.D. Vander- 
bilt Univ. School of Medicine, Nashville, Tenn. 
Associate Professor of Pharmacology. (3, 1936) 
Roberts, Edward P., M.D., Ph.D. Fourth Service 
Command, Medical Laboratory, Port McPherson, 
Ga. (6, 1932) 

Roberts, Lydia J., Ph.D. University of Chicago, 
Chicago, Rl. Professor and Chairman of De- 
partment of Home Econotnics. (5, 1933) 
Robertson, Elizabeth Chant, M.D., M.A., Ph.D. 
University of Toronto, Toronto, Canada, Re- 
search Fellow in Paediatrics. (S, 1939) 
Robertson, Oswald H., M.D. University- of 
Chicago, Chicago, 111. Professor of Medicine. 
(4, 1932) 

Robinson, Charles Summers, Ph.D, Medical 
School, Vanderbilt University, Nashville, Tenn. 
Professor of Biochemistry. (2, 1925) 

Robinson, Elliott S., M.D., Ph.D. 3034 S. 
Buchanan St., Arlington, Va. Lt. Col., M.C. (6, 
1935) 

Robinson, G. Canby, M.D., Sc.D., LL.D. Johns 
Hopkins Hospital, Baltimore, Md. Lecturer in 
Medicine, Johns Hopkins University. (1,1912- 
3, 1921) 

Robinson, George Henry, Ph.D. 320 E. North 
Ave., N. S., Pittsburgh, Pa. Bacteriologist, 
TTm. H. Singer Research Laboratory and Alle- 
gheny General Hospital; Lecturer in Bacteriology, 
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University of Pittsburgh School of Medicine. 
(4, 1930) 

Robinson, Howard W., M.S., Ph.D. Broad and 
Ontario Sts., Philadelphia, Pa. Professor of 
Physiological Chemistry, Temple University 
School of Medicine. (2, 1929) 

Robinson, Sid, Ph.D. Indiana Universitj’^ Medical 
School, Bloomington. Associate Professor of 
Physiology. (1, 1941) 

Robscheit-Robbins, F. S., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. Associate in Pathology. (1, 
1925 ; 4, 1930) 

Rodbard, Simon, Ph.D. Altitude Training Unit 
ICAAF, Kingman, Ariz. 2nd Li. Air Corps. (1, 
1942) 

Roe, Joseph Hyram. M.A., Ph.D. George Wash- 
ington University School of Medicine, Wash- 
ington, D. C. Professor of Biochemistry. 
(2, 1927 ; 5, 1933) 

Roeder, Kenneth D., M.A. Tufts College, Med- 
ford, Mass. Associate Professor of Biology. 
(1, 1942) 

Roepke, Martin Henry, Ph.D. University Farm, 
St. Paul, Minn. Professor, Veterinary Medi- 
cine. (3, 1937) 

Rogers, Charles G., A.M., Ph.D,, Sc.D. Oberlin 
College, Oberlin, 0. Professor of Comparative 
Physiology. (1, 1911) 

Rogers, Fred T., A.M., Ph.D., M.D. Dallas 
Medical and Surgical Clinic, 4540 Bordeaux Ave., 
Dallas, Texas. (1, 1917) 

Rogoff, Julius M., Ph.G., M.D., Sc.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Endocrinology. (1, 1916; 

-..3,^1916) 

ni, Ethel, hi. A., Ph.D. Washington Uni- 
-Vv V Medical School, St. Louis 4, Mo. Assisi- 

ofessor of Biological Chemistry. (2,1923) 
t owardF., M.D. 44 Dwight St., Brookline, 
hlass. Instructor in hledicine, Harvard Medical 
School. (5, 1933) 

Root, Walter S., Ph.D. College of Physicians and 
Surgeons, Columbia University, 630 W. 168th 
St., New York City. Associate Professor of 
Physiology. (1, 1932) 

Rosahn, Paul D., M.D. 92 Grand St., New Britain, 
Conn. Pathologist, New Britain General Hos- 
pital; Assistant Clinical Professor of Pathology, 
Yale University School of Medicine, New Haven. 
(4, 1934) 

Rose, Anton Richard, M.S., Ph.D. Box 176, 
Edgewater, N. J. Biochemist, Prudential In- 
surance Company of America. (2,' 1916; 5, 1933) 
Rose, William C., Ph.D. University of Illinois, 
Urbana. Professor of Biochemistry and Acting 
Bead oj the Chemistry Department; Member 
Vetione! .\cadany of Sciences. (2, 1912; 5, 


, Rosenblueth, Arturo, M.D. Institute Nacional de 
Cardiologia, Mexico D.F., Me.xico. (1, 1932) 
Rosenfeld, Morris, M.D. Johns Hopkins School 
of Medicine, Baltimore, Md. Associate in 
Pharmacology and Experimental Therapeutics. 
Captain, M.C. (3, 1934) 

Rosenow, Edward C., M.D., hon. LL.D. and D.Sc. 
California Institute of Technology, Pasadena 9. 
(4, 1913; 6, 1915) 

Rosenthal, Sanford M., M.D. National Institute 
of Health, Washington, D. C. Senior Phar- 
macologist, U. S. Public Health Service. (3, 
1925) 

Rosenthal, S. R., M.D., Ph.D. University of 
Illinois College of. Medicine, Chicago. As- 
sistant Professor of Bacteriology and Public 
Health in Dept, of Pathology and Bacteriology; 
Director, Tice Laboratory for B. C. G. Vaccina- 
tion against Tuberculosis, Municipal Tubercu- 
losis Sanatorium. (4,1941) 

Ross, Joseph F., M.D. The Robert Dawson Evans 
Memorial, 65 E. Newton St., Boston, -Mass. 
Member of the Department; Physician, Massa- 
chusetts Memorial Hospital; Assistant Professor 
of Medicine, Boston University School of Medi- 
cine; Welch Fellow of Internal Medicine of the 
Division of Medical Sciences of the National 
Research Council. (4, 1941) 

Ross, William F., Ph.D. Shell Oil Compan}*, 100 
Bush St., San Francisco, Calif. Chief Research 
Chemist. (2, 1940) 

Roth, George B., M.D. 1335 H St., N.W., Wash- 
ington, D. C. Professor of Physiology and 
Pharmacology, George Washington University 
School of Medicine. (1, 1914; 3, 1911) 

Roth, Grace M., M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Associate in Clinical Physi- 
ology. (1, 1939) 

Roth, Paul, M.D. Battle Creek Sanitarium, 
Battle Creek, Mich. Director of Physical 
Therapy. (1, 1929; 5, 1933) 

Rothemund, Paul W. K., Dipl.-Ing., Dr.-Ing. 
(Munich). Antioch College, Yellow Springs, 
O. Associate Professor of Biochemistry, and 
Research Chemist, The C. F. Kettering Founda- 
tion, Antioch College; Associate Professor 
(Non-resident) , Department of Chemistry, Ohio 
State University. (2, 1940) 

Rous, Peyton, M.D., Sc.D.,, Rockefeller Institute 
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Rowntrcc, Jennie I., M.S., Ph.D. University of 
Washington, Seattle. Professor of Home Eco- 
nomics.^ (5, 1933) • 

Ro'wntree.L. G., M.D., Sc.D., F.A.C.P. Temp, ad- 
dress : 4701 Connecticut Avo., N.W., Washington, 
D.C.Dircclor, Philadelphia Insiiiulc for Medical 
Research; Colonel, Medical Reserve; Research 
Clinician, Philadelphia General Hospital; Chief, 
Medical Division, Selective Service, National 
Headquarters, )Yashingto7i, D. C. (1, 1911 ; 2, 1910; 
3, 1908; 4, prior to 1920; 5, 1933) 

Rubensfein, Boris B., M.A., Ph.D. Edge- 

wood Arsenal, Edgewood, Md. Captain, Toxi- 
cology Lab. {1, 1934) 

Rubin, Morton A., Ph.D. 3732 Gunston Rd., Ale.x- 
andria, Va. Captain, Signal Corps, Office of the 
Chief Signal Officer, Military Personnel Division, 
Washington, D. C. (I, 1940) 

Rnch, Theodore C., M.A., Ph.D. Yale University 
School of Medicine, Hew Haven, Conn. As- 
sistant Professor of Physiology. (1, 1933) 

Rusch, Harold Paul, M.D, University ai Wis- 
consin Medical School, McArdle Memorial 
Laboratorj', Sladison. Associate Professor of 
Oncology. (4, 1940) 

Russell, Jane A., Ph.D. Yale University School 
of Medicine, 333 Cedar St., Nevr Haven, Conn. 
Instructor in Physiological Chemistry. (1, 1939) 
Russell, Walter C., Ph.D. New Jersey Agricul- 
tural E.xperiment Station and Rutgers Univer- 
sity, New Brunswick. Biochemist in Nutrition 
and Professor of Agricultural Biochemistry. 
(2, 1932; 5, 1933) 

Ryan, Andrew Howard, M.D. Dept, of Physiology 
and Pharmacology, Chicago Medical School, 710 
S. Wolcott Ave., Chicago, 111. (1, 1912) 

Sabin, Florence R., M.D., Sc.D. 1333 E. 10th 
Ave., Denver, Colo. Member Emeritus of the 
Rockefeller Institute; Member of the National 
Academy of Sciences. (1, 1923) 

Sachs, Ernest, M.D. 97 Arundel Pi., St. Louis, 
Mo. Professor of Clinical Neurological Surgery, 
Washington University Medical School. (1, 
1910) 

Sacks, Jacob, Ph.D., M.D. Endo Products, Inc., 
34-40, 101st St., Richmond Hill, N. Y. Pharma- 
cologist. (3, 1933) 

Sah, Peter P. T., M.S., Ph.D. Department of 
Chemistry, Fu Jen University, Peiping, China; 
Professor of Chemistry; Lecturer in Pharma- 
txilogy, Peiping Union Medical College. (3, 
1941) 

Sahyun, Melville, A.M., Ph.D. Frederick Steams 
& Co., 6533 E. Jefferson St., Detroit, Mich. 
Director of Research. (2, 1932) 

Salmon, W. D., A.M. Alabama Polytechnic 
Institute, .Auburn. Animal Nutritionist. (2, 
1029; 5, 1933) 


Salter, William T., M.D. Yale School of Medi- 
cine, 333 Cedar St., New Haven, Conn. Pro- 
fessor of Pharmacology. (1, 1933; 3, 1942; 5, 
1934) 

Sammis, Florence E., M.D. 30 E. 76th St., New' 
York City. (6, 1943) 

Sampson, John J., M.D. 490 Post St., San 
Francisco, Calif. Associate Clinical Professor of 
Medicine, University of California Medical 
School. Onleave: Major, (MC), Birmingham Gen- 
eral Hospital, Van Ahiys, Calif. (1, 1932) 
Sampson, Myra, A.M., Ph.D. Smith College, 
Northampton, Mass. Professor and Chairman 
of Department of Zoology. (5, 1935) 

Samuels, Leo T., Ph.D. University of Utah Medi- 
cal School, Salt Lake City. Professor and Head 
of Dept, of Biochemistry. (2, 1941 ; 3, 1937) 
Sandels, Margaret R., A.M., Ph.D. Florida 
State College for Women, Tallahassee. Dean of 
School of Home Economics; Professor of Nutri- 
tion. (5, 1933) 

Sandiford, Irene, Ph.D. Billings Hospital, Uni- 
versity of Chicago, Chicago, 111. Assistant 
Professor of Medicine. (2, 1925 ; 5, 1933) 
Sandweiss, David J., M.D.* 9739 Dexter Ave., 
Detroit, hifich. Instructor in Clinical Medicine, 
Wayne University College of Medicine; Physi- 
cian, Harper Hospital {OPD); Attending Physi- 
cian Gastroenterology and Gastroscopy, North 
End Comvnunity Fund Clinic. (1, 19M) 

Sanford, Arthur H., A.M., M.D. Clinical Labora- 
tories, Mayo Clinic, Rochester, Minn. Head, 
Division of Clinical Laboratories. (G, 1920) 
Santos, Francisco O., M.S., Ph.D. University of 
the Philippines, Los Banos, Laguna. Professor 
and Head of Department of Agricultural Chemis- 
try, College of Agriculture. (5, 1936) 

Saphir, Otto, M.D. Michael Reese Hospital, 
29th St. and Ellis Ave., Chicago 16, HI. Path- 
ologist, Michael Reese Hospital; Professor of 
Pathology, University of Illinois Medical School. 
(4, 1927) 

Sappington, Samuel W., M.D., D.Sc. P. 0. Box 81, 
Bryn Mawr, Pa. Professor of Pathology, Hahne- 
mann Hospital. (6, 1913) 

Saslow, George, Ph.D., M.D. Department of 
Neuropsychiatry, W aslungton University hfedi- 
cal School, 640 South Kingsliighway, St. Louis, 
Mo. Assistant Professor of Psychiatry. (1, 1936) 
Satterfield, George H., .A.M. State College of 
Agriculture and Engineering, University of 
North Carolina, Raleigh. Professor of Biochem- 
islry. (2, 1944 ; 5, 1941) 

Saul, I.eon Joseph, M..A., M.D. S.anders Rd., 
North Brook, 111. (I, 1933) 

Saunders, Felix, Ph.D, 231 Playa del Sur, La 
Jolla, C-alif. (2, 193S) 
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Sawyer, Margaret E. MacKay, M.A., Ph.D. 142 
Lower Albert St., Kingston, Ontario, Canada. 
(1, 1935) 

Sawyer, Wilbur A., M.D., 4612 Drummond Ave., 
Chevy Chase, Md. Director of Health, United 
Nations Belief and Rehabilitation Administra- 
tion. (4, 1930 ; 6, 1935) 

Saxton, John A., Jr., M.D. Snodgrass Laboratory 
of Pathology and Bacteriology, 1426 Carroll St., 
St. Louis, Mo. Assistant Professor of Pathology, 
Washington University School of Medicine; 
Assistant Professor of Pathology and Bacteriol- 
ogy, Washington University School of Dentistry; 
Medical Director, Pathology, Hospital Division, 
City of St. Louis. (4, 1944) 

Scammon, Richard E., M.A., Ph.D. 172 S. E. 
Bedford St., Minneapolis, Minn. Distinguished 
Service Professor in the Graduate School, Uni- 
versity of Minnesota. (1, 1923) 

Schales, Otto, D.Sc. Ochsner Clinic, Prytaniaand 
Aline Sts., New Orleans, La. Director of Chemical 
Research, Ochsner Foundation; Director of the 
Biochemical Laboratory, Ochsner Clinic. (2, 
1944) 

Scharles, Frederick H., M.D. 1405 Bryant Bldg., 
ICansas City, Mo. (5, 1935) 

Schattenberg, Herbert John, M.S., M.D. Bureau 
of Laboratories, Medical and Surgical Memorial 
Hospital, 205 Camden St., San Antonio, Texas. 
Director. (4, 1940) 

Schenken, John R., M.D. Louisiana State Uni- 
versity School of Medicine, New Orleans. 
Professor of Pathology and Bacteriology. (4, 
1942) 

Scherp, Henry W., M.S., Ph.D. University of 
Rochester Medical School, 260 Crittenden Blvd., 
Rochester, N. Y. Assistant Professor of Im- 
munockemistry. (6, 1940) 

Schick, Bela, M.D. 17 E. 84th St., New York 
City. Pediatrician, Mt. Sinai Hospital. (6, 
1924) 

Schiffrin, Milton J.,* M.S., Ph.D. Captain, Alti- 
tude Training Section, WWAAB, Walla Walla, 
TTWi. (1,1943) 

Schlenk, Fritz, Ph.D. University of Texas ; M. D, 
Anderson Hospital of Cancer Research, Houston. 
Biochemist. (2, 1942) 

Schlesinger, M. J., Ph.D., M.D. Beth Israel 
Hospital, 330 Brookline Ave., Boston, Mass. 
Associate in Pathology, Harvard Medical School; 
Director of Pathology, Beth Israel Hospital. 
(4, 1942; 6, 1921) 

Schlomovitz, Benjamin H., M.D. 1210 Majestic 
Bldg., 231 W. Wisconsin Ave., Milwaukee, Wis. 
Director, Clinical and Research Lahoratory, 
Veterans Administration Hospital, Wood, TTYs- 
consin. (1, 1919) 


Schmeisser, Harry C., M.D. University of 
Tennessee, Memphis. Professor of Pathology. 
(4, 1937) 

Schmidt, Carl F., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. . Pro- 
fessor of Pharmacology. (1, 1929; 3, 1924) 
Schmidt, Carl L, A., M.S., Ph.D. 1557 Life Sciences 
Bldg., University of California, Berkeley. Pro- 
fessor of Biochemistry; Chairman of the Division 
of Biochemistry. (2, 1919) 

Schmidt, C. Robert, Ph.D., M.D. Hertder 
Clinic, Halstead, Kan. Resident Surgeon. Major 
(MC) A.U.S. (1, 1940) 

Schmidt, Gerhard, M.D. Boston Dispensary, 
25 Bennett St., Boston, Mass. Senior Research 
Fellow, Tufts College Medical School. (2, 1939) 
Schmidt, Leon H., M.S., Ph.D. Christ Hospital, 
Institute for Medical Research, Cincinnati, 0. 
Director of Research; Assistant Professor of 
Biological Chemistry, College of Medicine, Uni- 
versity of Cincinnati. {2, 1936) 

Schmitt, Francis Otto, Ph.D. Dept, of Biology 
and Public Health, Massachusetts Institute of 
Technology, Cambridge. Professor of Biology. 
(1, 1930) 

Schnedorf, Jerome G., M.D., Ph.D. The Uni- 
versity of Kansas School of Medicine, Kansas 
City. Associate in Surgery. On leave: Captain, 
MC, Hoff General Hospital, Santa Barbara, 
Calif. (1, 1941) 

Schneider, Edward C., Ph.D., So.D., M.P.E. 25 
Gordon Place, Middletown, Conn. University 
Professor, Wesleyan University. (1, 1912; 2, 1912) 
Schoenbach, Emanuel B., M.D. Meningococcal 
Meningitis Commission, Johns Hopkins School 
of Hygiene, 615 N. Wolfe St., Baltimore, Md. 
(6, 1941) 

Schoepfle, Gordon M., A.M., Ph.D.^ Washington 
University, School of Medicine, St. Louis, Mo. 
Instructor in Physiology. (1, 1943) 

Schradieck, Constant E., M.D. 65 Hazard Ave., 
Providence, R. I. Director, Pathological De- 
partment, Homeopathic Hospital of Rhode Is- 
land. (G, 1921) 

Schreiner, Oswald, M.S., Ph.D. Bureau of Plant 
Industry, U. S. Department of Agriculture, 
Washington 25, D. C. Chief, Division of Soil 
Fertility Investigations. (2, 1908) 

Schroeder, E. F., M.S., Ph.D. G. D. Searle & 
Co., P. 0. Box 5110, Chicago 80, 111. Research 
Biochemist. (2, 1938) 

Schuck, Cecelia, Ph.D. Purdue University, 
Lafayette, Ind. Professor of Nutrition, De- 
partment of Home Economics. (5,1941) 

Schultz, Edwin William, M.D. 743 Cooksey Lane, 
Stanford University, Calif. Professor of Bac- 
teriology and Experimental Pathology. (4, 1927 ; 
G, 1928) 
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Schultz, Mark P., A.AI., M.D. National Institute 
of Health, Bethcsda, Md. Surgeon, U. S. Public 
Health Service. (G, 1933) 

Schultz, W. H., Ph.D. 3102 IStli St., N.W., Wash- 
ington, D. C. Professor of Pharmacology, Emcri- 
, ius. University of Maryland. (1, 1907 ; 3, 1909) 
Schultze, Max O., Ph.D. Department of Chemis- 
try, University of Pittsburgh, Pittsburgh, Pa. 
Research Fellow, Buhl Foundation. (2, 193S) 
Schwartze, Erich W., M.D. 1225 Talbert St., 
S. E., Washington, D. C. (3, 1920) 

Schweizer, Malvina, Ph.D.* Washington Square 
College of Arts and Sciences, New York Uni- 
versity, New York, N. Y. Instructor in Biology. 
(1, 1944) 

Scott, David Alymer, M.A., Ph.D. Connaught 
laboratories. University of Toronto, Toronto 
5, Ontario, Canada. Senior Research Chemist. 
(2, 1935) 

Scott, Ernest L., Ph.D. 64 South St., Bogota, 
N.J. Associate Prof essor of Physiology, Emeri- 
tus, Columbia University. (1, 1914; 2, 1915) 
Scott, Frederick Hughes, Ph.D., Sc.D., M.B. 
University of Minnesota, Minneapolis. Profes- 
sor of Physiology, Emeritus. (1, 1908; 2, 1909) 
Scott, John C., Ph.D. Hahnemann Medical 
College, Philadelphia, Pa. Professor of Physi- 
ology and Head of the Department. (1, 1936) 
Scott, R. W,, A.M., M.D. City Hospital, Cleve- 
land, 0. Professor of Clinical Medicine, West- 
ern Reserve University; Physician-in-chief, 
Cleveland City Hospital. (1, 1917 ; 3, 1917) 

Scott, V. Brown, Ph.D., M.D. Inlow Clinic, Shel- 
, byville, Ind. Internist, Division of Medicine. 
(1, 1941) 

Scott, W. J. Merle, M.D. University of Roches- 
ter Medical School, Rochester, N. Y. Asso- 
ciate Professor of Surgery. (4, 1925) 

Scott, W. W., M.D.* University Clinics, Univer- 
sity of Chicago, Chicago, Rl. Instructor in Sur- 
Vsry. ( 1 , 1943 ) 

■ Scudi, John Vincent, Ph.D. Merck & Co., Inc., 
Rahway, N. J. Biochemist. (2, 1942) 

Seager, Lloyd D., M.S., M.D. Woman’s Medical 
College of Pennsylvania, East Falls, Phila- 
delphia. Professor of Pharmacology and Toxicol- 
ogy. (3, 1939) 

Sealock, Robert R., Ph.D. Department of Vital 
Economics, University of Rochester Medical 
School, Crittenden Blvd., Roohestbr, N. Y. 

' ■Assistant Professor of Physiological Chemistry. 
(2. 1940; 5, 1941) , 

“castone, C. V., Jr., M.D. University of Wis- 
Wnsin Medical School, Madison. Associate 
vofessor of Medical Bacteriology. (G, 1939) 
'brell, W. H., Jr., M.D. National Institute of 
ealth, Bethesda, Md. Chief, Division of 
Pl^ysiology. ( 2 , 1938; 5, 1937) 


Scecof, David P., M.D. 1970 Daly Ave., Bronx, 
New York City. (4, 1927) 

Sccgal, David, M.D. Welfare Island, New York 
City. Director, Research and Clinical Service, 
First Division, Welfare Hospital; Associate 
Professor of Medicine, Columbia University. 
(G, 1930) 

Seegers, Walter H., Ph.D. Research and Biological 
Laboratories, Parke Davis & Co., Detroit, Mich. 
Research Biochemist. (2, 1941) 

Seevers, Maurice Harrison, Ph.D., M.D. 
University of Michigan School of Medicine, Ann 
Arbor. Professor of Pharmacology and Chair- 
man of the Department. (1, 1933 ; 3, 1930) ' 
Seibert, Florence B., Ph.D., Sc.D., LL.D. Henry 
Phipps Institute, University of Pennsylvania, 
7tli and Lombard Sts., Philadelphia. Asso- 
ciate Professor of Biochemistry. (2, 1925) 
Seidell, Atherton, M.S., Ph.D. 2301 Connecticut 
Ave., Washington, D. C. Special Expert, 
National Institute of Health. (2, 1924) 

Seifter, Joseph, M.D. Wyeth Institute of Applied 
Biochemistry, Philadelphia, Pa. Chief Pharmacol- 
ogist. (3, 1940) 

Selle, Wilber Arthur, Ph.D. Medical School, 
University of Texas, Galveston. Associate 
Professor of Physiology. (1, 1938) 

, Selye, Hans, M.D., Ph.D. Medical Building, 
McGill University, Montreal, Que., Canada. 
Assistant Professor of Anatomy. (1, 1934) 
Sendroy, Julius, Jr., M.A., Ph.D. Mercy Hospi- 
tal, 2537 Prairie Ave., Chicago, 111. Professor of 
Chemistry and Chairman of the Department of 
Experimental Medicine, Loyola University School 
of Medicine. (2, 1928) 

Sevag, M. G., Ph.D. Department of Bacteri- 
ology, University of Pennsylvania School of 
Medicine, Philadelphia. Assistant Professor of 
Biochemistry iri Bacteriology. (G, 1941) 
Sevringhaus, Elmer L., M.A., M.D; Wisconsin 
General Hospital, Madison. Professor of Medi- 
cine, University of Wisconsin; Consultant in 
Clinical Chemistry, Wisconsin Psychiatric In- 
stitute; Chemist to Wisconsin General Hospital. 
(2, 1923 ; 5, 1939) 

ShaUer, Morris F., D. Phil. Department of Pathol- 
ogy and Bacteriology, School of Medicine, Tulane 
University of Louisiana, New Orleans. Associate 
Professor. (4, 1939; 6, 1937). 

Shaffer, Philip A., Ph.D. Washington University' 
Medical School, St. Louis 4, Mo. Professor of 
Biological Chemistry and Dean of the School 
of Medicine; Member, National Academy of 
Sciences. (1, 1906; 2, 1906; 5, 1935) 

Shannon, James A., AI.D., Ph.D. Welfare 
Hospital, Welfare Island, New York City. 
Director of Research Service, Third (New York 
University) Medical Division, Welfare Hospital, 
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Department of Medicine, New York University 
College of Medicine. (1, 1933) 

Shapiro, Herbert, A.M., Ph.D. Radiation Labora- 
tory M.I.T., Cambridge, Mass. Staff Member. 
(1, 1937) 

Sharpless, George R., D.Sc. Henry Ford Hos- 
pital, Detroit, Mich. Associate in Nutrition 
Research. (5, 1942) 

Shaw, Myrtle, M.S., Ph.D. 11 S. Lake Ave., 
Albany, N. Y. Senior Bacteriologist, Division 
of Laboratories and Research, New York State 
Department of Health. (6, 1937) 

Shay, Harry, M.D.* Samuel S. Fels Fund, Medical 
Tower, Philadelphia, Penna. Director, Medical 
Research Laboratory. (1, 1944) 

Shear, Murray, J., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Principal Biochemist. 
(2, 1930) 

Sheard, Charles, A.M., Ph.D. Mayo Foundation, 
Rochester, Minn. Chief of the Division of 
Physics and Biophysical Research and Professor 
of Physiological Optics and Biophysics, Univer- 
sity of Minnesota. (1, 1925) 

Sheehan, Donal, M.D., D.Sc. New York Uni- 
versity College of Medicine, First Ave., New 
York City. Professor of Anatomy and Director 
of Anatomical Laboratories. (1, 1938) 

Shemin, David, A.M., Ph.D. Columbia University, 
College of Physicians and Surgeons, 630 W. IGSth 
St., New York City. Instructor in Biochemistry. 
(2, 1944) 

Sheppard, Fay, M.S. University'' of Oklahoma 
Medical School, Oklahoma City. Instructor in 
Biochemistry. (2, 1936) 

Sherman, Henry C., A.M., Ph.D., Sc.D. Colum- 
bia University, New York City. Mitchell Pro- 
fessor of Chemistry and Executive Officer of the 
Department of Chemistry; Member, National 
Academy of Sciences. (1, 1923; 2,1906; 5, 1933) 
erwin, Carl Paxson, Sc.D., M.D., Dr.P.H., 
L.D. 40 E. Gist St., New York City. Direc- 
. ■ of Metabolic Service, Si. Vincent's Hospital; 
Associate Physician, French Hospital. (I, 
1919; 2, 1917) 

Sherwood, Noble P., Ph.D., M.D. 1801 Indiana 
St., Lawrence, ICan. Professor of Bacteriology, 
University of Kansas. (G, 1928) 

Sherwood, Thomas Cecil, M.A., Ph.D. 2639 Napo- 
leon Ave., New Orleans, La. House Physician, 
Southern Baptist Hospital. (I, 1938) 

Shideman, Frederick E., Ph.D. Dept, of Pharma- 
cology', University' of Michigan, Ann Arbor. 
Instructor of Pharmacology. (3, 1944) 

Shimkin, Michael Boris, M.D. U. S. Public 
Health Scrv'ice, National Cancer Institute, 
Bethesda, Md. Passed Assistant Surgeon. (4, 
1940) 

Shlaer, Simon, M.A., Ph.D. Columbia Univer- 
sity, New York City'. Research Associate in 
Biophysics, fl, 1938) 


Shock, Nathan W., Ph.D. Unit on Gerontology 
U. S. Public Health Service, Baltimore City 
Hospitals, Baltimore, Md. Senior Psycho- 
physiologist, U. S. Public Health Service, Na- 
tional Institute of Health, Bethesda, Md. (1, 
1942) 

Shoemaker, Harold A., M.S., Ph.D. University 
of Oklahoma School of Medicine, 801 E. 13th St., 
Oklahoma City. Assistant Dean; Professor of 
Pharmacology. (3, 1941) 

Shohl, Alfred T., M.D. 300 Longn'ood Ave., 
Boston, Mass. Research Associate in Pediatrics, 
Harvard Medical School. (2, 1922; 5, 1933) 
Shope, Richard E., M.D. Department of Animal 
and Plant Pathology, The Rockefeller Institute, 
Princeton, N. J. Member. (4, 1934) 

Shorr, Ephraim, M.D. The New York Hospital, 
525 East 68th St., New York City. Assistant 
Professor of Medicine, Cornell University Medi- 
cal College; Assistant Attending Physician, The 
New York Hospital. (1, 1931 ; 3, 1942) 
Shwartzman, Gregory, M.D. 230 E.- 50th St., 
New York City. Head of Department of Bac- 
teriology, Mount Sinai Hospital; Clinical Pro- 
fessor of Bacteriology, Columbia University. 
(4, 1929; G, 1930) 

Sichel, F. J. M., Sc.M., Ph.D. College of Medi- 
cine, University of Vermont, Burlington. Asso- 
ciate Professor of Physiology. (1, 1939) 

Sickles, Grace M., B.A. 2201 Twelfth St., Troy, 
N. _Y. Associate Bacteriologist, Division of 
Laboratories and Research, New York State 
Department of Health. (6, 1932) 

Sickles, Gretchen R., A.B. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany, N. Y. Assistant 
Bacteriologist. (6, 1937) 

Siebert, Walter J., M.D. DePauI Hospital, St. 
Louis, Mo. Director of Laboratories and Path- 
ologist of DePaul and Lutheran Hospitals, St. 
Louis, and of St. Joseph Hospital, Alton, III- 
(4, 1932) 

Silberberg, Martin, M.D., Dr. med. habil. Snod- 
grass Laboratory of Pathology^, City' Hospital, 
1428 Carroll St., St. Louis, Mo. (4, 1944) 
Silberberg, Ruth, M.D. 235 E. 22nd St., New 
York, N. Y. Assistant in Pathology, New York 
University, College of Medicine, New York. (4,' 
1944) 

Silvette, Herbert, M.S., Ph.D. University of 
Virginia Medical School, University. Assistant 
Professor of Pharmacology. (1, 1933; 3, 1940) 
Simon, Frank A., M.D. 812 Heyburn Bldg., 
Louisville, Ky. (G, 1934) 

Simonds, James P., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Pathology. (4, prior 
to 1920) 

Simonson, Ernst, M.D. c/o ' Laboratory' of Physi- 
ological Hygiene, Stadium South Tower, Uni- 
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versify of Minnesota, Minneapolis 14. Associate 
Professorof Physiological Hygiene and of Physi- 
ology. (1, 1941) 

Sinclair, Robert Gordon, Ph.D. Queen’s Univer- 
sity, Kingston, Ont., Canada. Professor of 
Biochcmislry. (2, 1931) 

Sizer, Irwin W., Ph.D.* Massachusetts Institute of 
Technology, Cambridge. Associafc Professor of 
Physiology. (1, 1944) 

Slaughter, Donald, M.D. Southwestern Medical 
College, 2211 Oak Lawn, Dallas, Texas. Dean of 
Students, Professor of Pharmacology, and Chair- 
man of the Department of Physiology and 
Pharmacology. (3, 193S) 

Slonaker, James R., Ph.D. 334 Kingsley Ave., 
Palo Alto, Calif. Professor of Physiology, 
Leland Stanford Junior University. (1, 1917) 
Smadel, Joseph Edwin, M.D. 3-30 Parsons Blvd., 
Malba, Long Island, N. Y. Associate Member; 
Asst. Physician, Rockefeller Hospital. (4, 1940; 
6, 1937) 

Small, James C., M.D. 133 S. 36th St., Phil- 
adelphia, Pa. Instructor in Medicine, Grad- 
uate School of Medicine, University of Penn- 
sylvania. (4, 1927) 

Smetana, Hans, M.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City. 
Assistant Professor of Pathology. (4, 1934) 
Smith, Arthur H., M.S., Ph.D. Wayne Univer- 
sity College of Medicine, Detroit26, Mich. Pro- 
fessor of Physiological Chemistry. (1, 1923; 
2. 1921; 5, 1933) 

Smith, Austin Edward, M.D., C.M., M.Sc.(Med.). 
American Medical Association, 535 N. Dearborn 
St., Chicago, Dl. Acting Secretary of the Council 
on Pharmacy and Chemistry, American hledical 
Association; Research Associate (Instructor) 
Dept, of Pharmacology, University of Chicago. 
f3, 1942) 

Smith, Clarence A., M.S., Ph.D. Standard 
Brands, Inc., 595 Madison Ave., New York City. 
Technical Director, Special Products Depart- 
ment. (1,1921) 

Smith, David T. Duke Hospital, Durham, N. C. 
(5, 1943) 

Smith, Dietrich Conrad, A.M., Ph.D. University 
of Maryland School of Medicine, Lombard and 
Greene Sts., Baltimore. Associate Professor of 
Physiology. (1, 1937) 

Smith, Elinor Van Dorn, Ph.D. 5 Middle St., 
Hadley, Mass. Assistant Professor of Bacteri- 
ology, Smith College. (G, 1940) 

Smith, Elizabeth R. B., Ph.D. % Capt. Paul 
K. Smith, School of Aviation Medicine, Randolph 

Field, Texas. (2, 1938) 

“mith, Erma A., A.M., Ph.D., M.D. Iowa 
State College, Ames. Associate Professor of 
Physiology. (1, 1928) 

omith, Fred M., AI.D. Slate University of Iowa, 
Iowa City. Professor of the Theory and Practice 


of Medicine and Head of the Department'. (1, 
1925) 

Smith, George H., M.A., Ph.D., M.A.(hon.), 
Sc.D. School of Medicine, Yale University, 
New Haven, Conn. Professor of Immunology 
and Assistant Dean; Chairman, Department of 
Bacteriology, Yale University. (G, 1918) 

Smith, H. P., M.S., M.D. College of Medicine, 
State University of Iowa, Iowa City. Professor 
of Pathology. (1, 1937 ; 4, 1925) 

Smith, Homer W., M.S., Sc.D. 477 First Ave., 
New York City. Professor of Physiology, New 
York University College of Medicine. (1, 1923; 

2, 1930) 

Smith, Lawrence Weld, M.D. Temple University 
School of Medicine, N. Broad St., Phila- 
delphia, Pa. Professor and Head of Department 
of Pathology; Director of Laboratories, Temple 
University Hospital. (4, 1927) 

Smith, Lee Irvin, A.M., Ph.D. School of Chemis- 
try, University of Minnesota, Minneapolis. 
Professor and Chief, Division of Organic Chem- ■ 
istry. (2, 1942) 

Smith, Margaret Cammack, A.M., Ph.D. Uni- 
versity of Arizona, Tucson. Professor of Nutri- 
tion; Nutrition Chemist, Agricultural Experiment 
Station, School of Home Economics. (2, 1935- 
5, 1933) 

Smith, Maurice I., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist., U. S. Public Health Service. (I, 1920- 

3, 1916) 

Smith, Paul K., Ph.D. AAF School of Aviation 
Medicine, Randolph Field, Texas. Chief, Labora- 
tory of Pharmacology and Biochemistry; Major,' 
Air Corps. (2, 1937 ; 3, 1937) 

Smith, Paul W., M.S., Ph.D. School of Medicine, 
University of Oklahoma, 801 E. 13th St., Okla- 
homa City. Assistant Professor of Pharma- 
cology. (1, 1933) 

Smith, Philip Edward, M.S., Ph.D. 630 W. 168th 
St., New York City. Professor of Anatomy, 
Columbia University; Member of the National 
Academy of Sciences. (1, 1923) v 

Smith, Ralph G., M.D., Ph.D. Tulane University, 
Station 20, New Orleans, La. Professor of Phar- 
macology. (3, 1929) 

Smith, R. Blackwell, Jr., S.M., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 
Pharmacologist and Assistant to the Chief. (3, 
1944) 

Smith, Susan Gower, M.A. Duke University 
Durham, N. C. Associate, Department of Medi- 
cine and Nutrition, School of Medicine. (5, 1939) 
Smith, Sybil L., A.M. Principal Experiment S= 
tion Administmtor, OfTice of 
tions, U.S.D.A., Washingt* 

Smith, Wilbur Kenneth, 

Rochester School of 
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260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciaie Professor of Anatomy. (1, 1939) 

Smith, Willie W., M.A., Ph.D. 4710 Edgmoor 
Lane, Bethesda, Md. Associate Physiologist, Na- 
tional Institute of Health. (1, 1941) 

Smithburn, Kenneth C., M.D. Yellow Fever Re- 
search Institute, P. 0. Box 49, Entebee, Uganda, 
British East Africa. Staff Member, Interna- 
tional Health Division of The Rockefeller Foun- 
dation. (G, 1937) 

Smolens, Joseph, B.S. Dept, of Bacteriology, Uni- 
versity of Pennsylvania Medical School, Phila- 
delphia. Fellow in Bacteriology. (6, 1943) 
Smythe, C. V., M.S., Ph.D. 5000 Richmond St., 
Philadelphia, Pa. Head of Biochemistry, Rohm & 
Haas Company. (2, 1934) 

Snell, Albert M., M.D. Mayo Clinic, Rochester, 
Minn. Head of Section on Medicine at Mayo 
Clinic; Professor in Medicine, Mayo Foundation 
Graduate School, University of Minnesota. 
(4, 1930) 

Snell, Esmond E., M.A., Ph.D. Department of 
Chemistry, University of Texas, Austin. As- 
sistant Professor of Chemistry and Research 
Biochemist. (2, 1942) 

Snyder, Charles D., M.S., Ph.D. Johns Hopkins 
University School of Medicine, Baltimore, Md. 
Professor Emeritus of Experimental Physiology. 
(1, 1907) 

Snyder, Franklin Faust, M.D. University of 
Chicago, 111. Associate, Department of Ob- 
stetrics. (1, 1936) 

Sobel, Albert E., Ch.E., M.A., Ph.D. Jewish 
Hospital of Brooklyn, Prospect Place and Classon 
Ave., Brooklyn, N. Y. Director of Chemical 
Laboratories; Lecturer in Biochemistry, Graduate 
Division, Brooklyn College; Lecturer in “Blood 
Chemistry” , Hunter College. (2, 1939) 

Sobotka, Harry H., Ph.D. Mount Sinai Hospital, 
Fifth Ave. and 100th St., New York City. 
Head, Department of Chemistry. (2, 1932 ; 5, 
1933) 

Solandt, Donald Young, M.A., M.D., Ph.D. Uni- 
versity of Toronto, Toronto, Ont., Canada. 
Associate Professor of Physiology; Head of the 
Department of Physiological Hygiene. (1, 1937) 
Soley, Mayo H., M.D.* University of California 
Medical School, The Medical Center, San Fran- 
cisco. Associate Professor of Medicine and Lec- 
turer in Pharmacology. (1, 1943) 

Sollmann, Torald, M.D. Sc.D., LL.D. School of 
Medicine, Western Reserve University, 2109 
Adelbert Rd., Cleveland, 0. Dean and Professor 
of Pharmacology and Materia Medica, Emeritus. 
Somogyi, Michael, Ph.D. 216 S. Kingshighway, 
St. Louis Mo. Biochemist, Jewish Hospital 
of Si. Louis. (2, 1927) 

Soskin, Samuel, M.D., M.A., Ph.D. Michael 
Reese Hospital, Chicago, Rl. Director of Meta- 


bolic and Endocrine Research; Professoral Lec- 
turer in Physiology, University of Chicago. 
(1, 1930; 5, 1933) 

Soule, Malcolm H., Sc.D., LL.D. University of 
Michigan, Ann Arbor. Professor of Bacteriol- 
ogy, Director of the Hygienic Laboratory and 
Chairman of the Department of Bacteriology. 
(4, 1927; 6, 1925) 

Spain, Will C., M.D. 116 E. 53rd St., New York 
City. Clinical Professor of Medicine, Post- 
Graduate Medical School, Columbia University. 
(6, 1923) 

Spealman, C. R., M.A., Ph.D. National Naval 
Medical Center, Bethesda, Md. (1, 1940) 

Specht, Heinz, Ph.D. National Institute of 
Health, Rockville Pike, Bethesda, Md. Asso- 
ciate Research Physiologist. (1, 1941) 

Sperry, Warren M., M.S., Ph.D. 722 W. 168th St., 
New York City. Principal Research Biochemist, 
New York State Psychiatric Institute and Hos- 
pital; Assistant Professor of Biological Chemis- 
try, College of Physicians and Surgeons, Columbia 
University. (2, 1929; 5, 1933) 

Spiegel, Ernest A., M.D. Temple University 
School of Medicine, Broad and Ontario Sts., 
Philadelphia, Pa. Professor of Experimental 
Neurology. (1, 1936) 

Spiegel-Adolf, Mona, M.D. Temple University 
School of Medicine, Broad St. at Ontario Ave., 
Philadelphia, Pa. Professor and Head of De- 
partment of Colloid Chemistry. 1933) 

Spies, Tom D., M.D. Feb. -Nov. Hillman Hos- 
pital, Birmingham, Ala. Nov.-Feb. General 
Hospital, Cincinnati, O. Associate Professor^ 
of Medicine, Univ. of Cincinnati College of 
Medicine. Visitirig Professor of Medical Re- 
search, Univ. of Alabama School of Medicine. 
Professor of Medical Research, Univ. of Texas 
School of Medicine. Director, Nutrition Clintc, 
Hillman Hospital, Birmingham, Ala. (3, 1941; 
4, 1940; 5, 1938) 

Spink, Wesley W., M.D. University of Minnesota 
Hospital, Minneapolis. Associate Professor of 
Medicine, University of Minnesota Medical 
School. (3, 1940; 4, 1940; 6, 1940) 

Spohn, Adelaide, M.S., Ph.D. Elizabeth McCor- 
mick Memorial Fund, 848 N. Dearborn St., 
Chicago, 111. (5, 1933) 

Sproul, Edith E., M.D. Columbia University, 
College of Physicians and Surgeons, New York 
City. Assistant Professor of Pathology. (4, 
1941) 

Sprunt, Douglas H., M.D., M.S. Univ. of Tennes- 
see, Memphis. Professor of Pathology. (4, 1934; 

6, 1936) 

Stadie, William C., M.D. 821 Maloney Clinic, 
36th and Spruce Sts., Philadelphia, Pa. Pro- 
fessor of Research Medicine, University of Penn- 
sylvania. (2, 1922) 
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Stainsby, lYcndcll J., M.D., C.M. Goisingcr 
Memorial Hospital, Danville, Pa. Chief Physi- 
cian. (G, 1930) I 

Stanley, 'Wendell M., M.S., Ph.D., Sc.D. Rocke- 
feller Institute for Medical Research, Princeton, 
N. J. Member; Member, A^ational Academy of 
Sciences. (2, 1936) 

Stannard, James Newell, Ph.D. Research Divi- 
sion, Bureau of Medicine and Surgery, Navy- 
Department, IVashington 25, D. C. Liculcnanl, 
R-F(5), USNR. (1, 193S) 

Stare, Fredrick J., Ph.D., M.D. Department of 
Biological Chemistry, Harvard Medical School, 
Boston, Mass. Assistant Professor of Nutrition. 
(2, 1937; 5, 1942) 

Starr, Isaac, M.D. 817 Maloney Clinie, Hos- 
pital of the University of Pennsylvania, Pliila- 
delphia. Harlzcll Research Professor of Thera- 
peuties.. (1, 1929 ; 3, 1942) 

Stavraky, George -W., M.D., C.M., M.Sc. Medi- 
cal School, University of Western Ontario, 
London, Ont., Canada. Associate Professor of 
Physiology. (1, 1937 ; 3, 1944) 

Stearns, Genevieve, Ph.D. College of Medicine, 
State University of Iowa, Iowa City. Research 
Professor of Pediatrics. (2, 1932; 5, 1937) 

Steel, Matthew, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biological Chemistry. (2, 1909) 

Steele, J. Murray, M.D. Welfare Hospital, Wel- 
fare Island, New York City. Associate Pro- 
fessor of Medicine, New York University; 
Director, Srd {New York University) Medical 
Division of Welfare Hospital. (1, 1936) 
Steenhock, Harry, M.S., Ph.D., Sc.D. Univer- 
sity of Wisconsin, Madison. Professor of Bio- 
chemistry. (2, 1912; 5, 1933) 

Steggerda, F. E., M.A., Ph.D. 416 Natural His- 
tory Building, University of Illinois, Urbana. 
Assistant Professor of Physiology. (1, 1934) 
Stehle, Raymond Louis, A.M., Ph.D. Faculty of 
Medicine, McGill University, Montreal, Canada. 
Professor of Pharmacology. (2, 1920; 3, 1922) 
Sfeigmann, Frederick, M.S., M.D . 348 S. Hamlin 
Ave., Chicago, Rl. Associate in Medicine, Col- 
lege of Medicine, University of Illinois; Asso- 
ciate Attending Physician, Cook County Hos- 
pilal. (3, 1942) 

Sfeiman, S. E., M.A., Ph.D., M.D. 364 Riverway, 
Boston, Mass. Assistant Physician, Metropolitan 
State Hospital, Waltham, Mass. (1, 1939) 
Steinbach, H. Burr, M.A., Ph.D. Washington 
University, St. Louis, Mo. Associate Professor 
of Zoology. ( 1 , 1934) 

Steinberg, Bernhard, M.D. Toledo Hospital Insti- 
tute of Medical Research, Toledo, 0. Director of 
the Toledo Hospital Institute of Medical Rc- 
ecarch; Director of Clinical and Morbid Patholog- 


ical Laboratories, The Toledo Hospital; Surgeon, 
U.S.P.H. {inactive). (4, 1928) 

Steiner, Paul E., M.D. The University of Chi- 
cago, Chicago, 111. Associate Professor of Path- 
ology. (4, 1939) 

Steinhardt, Jacinto, A.M., Ph.D. 1548 East-West 
Highway, Silver Spring, Md. Research Asso- 
ciate, Division of TFar Research, Columbia 
University, New York City. Field Service Con- 
sultant, Office of Scientific Research and Develop- 
ment. {On loan to U. S. Navy.) (2, 1939) 
Steinhaus, Arthur H., M.S., Ph.D., M.P.E. 
5315 Dre.vel Ave., Chicago, 111. Professor of 
Physiology, George Williams College, Hyde 
Park. (1, 1928) 

Stekol, Jakob A., M.A., D.Sc. Route 1, Box 759, 
Grass 'Valley, Calif. Captain, Sn. C. (2, 1936) 
Stern, Kurt G., Ph.D. 85 Livingston St., Brooklyn, 
N. Y. Adjunct Professor, Department of Chemis- 
try, Polytechnic Institute. (2, 1938) 

Stetten, DeWitt, Jr„ M.D., Ph.D. 630 W. 168th 
St., New York City. Assistant Professor of Bio- 
chemistry, College of Physicians and Surgeons, 
Columbia University. (2, 1944) 

Stevens, S. Smith, Ph.D. Emerson Hall, Harvard 
University, Cambridge, Mass. Assistant Pro- 
fessor of Psychology. (1, 1937) 

Stewart, Fred W., M.D. Memorial Hospital, 
444 E. 68th St., New York City. Pathologist; 
Associate Professor of Surgical Pathology, Cor- 
nell Medical School; Pathologist, New York 
State Department of Public Health, Division of 
Laboratories and Research. (4, 1928) 

Stewart, Harold L., M.D. The National Cancer 
Institute, Bethesda, Md. Senior Pathologist. 
(4, 1936) 

Stewart, Winifred Bayard, M.D,, M.A. 2028 
Delancey St., Philadelphia, Pa. Professor of 
Neurology, Woman’s Medical College of Penn- 
sylvania. (I, 1941) 

Stickney, J. Clifford, M.S., Ph.D.* West 'Virginia, 
University School of Medicine, Morgantown. 
Instructor in Physiology. {1, 1944) 

Stiebeling, Hazel K., M.A., Ph.D, United States 
Department of Agriculture, Washington, D. C. 
Senior Food Economist, Bureau of Home Eco- 
nomics. (5, 1933) 

Stier, Theodore J. B„ Ph.D. Indiana University 
Medical School, Bloomington. Associate Pro- 
fessor of Physiology. (I, 1938) 

Still, Eugene U., Ph.D. % Strong Cobb & Co., 
2654 Lisbon Rd., Cleveland, O. (1, 1929) 
Stillman, Ernest G., hl.D. 45 E. 75th St., New 
York City. (G, 1930) 

Stockton, Andrew Benton, M.D. Barracks Dis- 
pensary, U. S. Naval Supply De^t, Oakland,- 
Calif. Assistant Clinical P f Medicine 

■ Stanford Medical School; (fi[ 

U.S.N.R. ( 
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Stokstad, E. L. Robert, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Research Chemist. 
(5, 1942) 

Stoland, O. O., M.S., Ph.D. 1845 Learnard Ave., 
Lawrence, Kan. Professor of Physiology and 
Pharmacology, University of Kansas. (1, 1913) 
Stormont, Robert T., Ph.D. Naval Medical Re- 
search Institute, Bethesda, Md. Lieutenant 
ij.g.) (M.C.) U.S.N.R. (3, 1941) 

Stotz, Elmer H., Ph.D. New York State Agricul- 
tural E.xperiment Station, Cornell University, 
Geneva, N. Y. Professor of Agricultural and Bio- 
logical Chemistry, Cornell University, (2, 1939) 
Stoughton, Roger W., M.S., Ph.D. Mallinckrodt 
Chemical Works, 3600 N. Second St., St. Louis, 
Mo. Research Chemist. (3, 1939) 

Strong, Frank M., M.A., Ph.D. Department of 
Biochemistry, University of Wisconsin, Madison. 
Associate Professor of Biochemistry. (2, 1941) 
Struck, Harold Carl, Ph.D. University of Illinois 
College of Medicine, 1853 W. Polk St., Chicago. 
Assistant Professor of Pharmacology and Ther- 
apeutics. (1, 1940) 

Stuart, Charles A., M.Sc., Ph.D. 372 Lloyd Ave., 
Providence, R. I. Associate Professor of Biol- 
ogy, Brown University. (6, 1935) 

•turgis, Cyrus Cressey, M.D. Simpson Memorial 
Institute, Ann Arbor, Mich. Director, Thomas 
Henry Simpson Memorial Institute for Medical 
Research; Chairman, Department of Medicine, 
University Hospital, and Professor of Medicine, 
University of Michigan. (4, 1927) 

SubbaRow, Y., Ph.D. Lederle Laboratories, Pearl 
River, N. Y. (2, 1939) 

Sugg, John Y., Ph.D. Cornell University Medical 
College, 1300 Y'ork Ave., New York City. 
Assistant Professor of Bacteriology and Im- 
munology. (6, 1938) 

Sullivan, Michael Xavier, Ph.D. Chemo-Medical 
Research Institute, Georgetown University, 
37th & 0 Sts., N. W., Washington, D. C. Director 
and Research Professor of Chemistry. (2, 1909) 
Sulzberger, Marion B., M.D. 962 Park Ave., 
New York City. Liexdenant Commander, M.C., 
U.S.N.R., in charge of Dermatology and Syphilol- 
ogy, U. S. Naval Hospital, Brooklyn, N. Y.; 
Assistant Clinical Professor of Dermatology and 
Syphilology, Columbia University. (6, 1936) 
Summerson, William H., M.A., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New Y'ork City. Assistant Professor of Bio- 
chemistry. (2, 1942) 

Sumner, James Batcheller, A.M., Ph.D. Dairy 
Building, Ithaca, N. Y. Professor of Biochem- 
istry, Cornell University Medical College. (2, 
1919) 

Sumwalt, Margaret, M.S., Ph.D . Jvledical School, 
University of Pennsylvania, Philadelphia. . (1, 
1934) 


Sunderman, F. William, M.D., Ph.D. University 
of Pennsylvania, Philadelphia. Assistant Pro- 
fessor of Research Medicine. (2, 1931) 
Sundstroem, Edward S., M.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2, 1919) 

Sure, Barnett, M.S., Ph.D. University of Arkan- 
sas, Fayetteville. Head of Department and 
Professor of Agricidtural Chemistry. (2, 1923; 
5, 1933) 

Sutherland, George F., C.M., M.D., M.Sc. 
Crile General Hospital, Cleveland, 0. Major, 
M.C. (1, 1939) 

Sutton, T. Scott, M.Sc., Ph.D. Ohio State Uni- 
versity, Columbus. Assistant Professor; Asso- 
ciate, Ohio Agricultural Experiment Station, 
College of Agricuilure, (5, 1936) 

Swain, Robert E., M.S., Ph.D., LL.D. 634 
Mirada Ave., Stanford University, Calif. Pro- 
fessor Emeritus of Chemistry. (2, 1909) 

Swann, Howard G., M.S., Ph.D. Dept, of Phar- 
macology, University of Texas Medical School, 
Galveston. Assistant Professor of Physiology. 
Captain, Aero Medical Laboratory, Wright Field, 
Daxjton, 0. (1, 1940) 

Swanson, Pearl P., M.S., Ph.D, Iowa State Col- 
lege, Ames. Professor of Foods and Nutrition, 
Dept, of Foods and Nutrition. (5, 1933) 
Swanson, William W., M.S., M.D. 2376 E. 71st 
St., Chicago, 111. (2, 1938) 

Sweeney, H. Morrow, M.S., Ph.D, School of 
Medical Sciences, University of South Dakota, 
Vermillion. Professor of Physiology and Phar- 
macology and Head of the Department. (1, 1939) 
Sweet, J. E., A.M., M.D., Sc.D. Unadilla, N. Y. 
Emeritus Professor of Surgical Research, Cornell 
Medical College. (1, 1913) 

Swift, Homer, M.D., D.Sc. 888 Park Ave., New 
York City. Metnber, Rockefeller Institute for 
Medical Research; Physician to The Hospital of 
The Rockefeller Institute for Medical Research. 
(6, 1920) 

Swift, Raymond W., M.S., Ph.D. Pennsylvania 
State College, State College. Professor, Insti- 
tute of Animal Nutrition. (5, 1934) 

Swingle, Wilbur Willis, Ph.D. Princeton Univer- 
sity, Princeton, N. J. ' Professor of Biology. 
(1, 1924) 

Sydenstricker, V. P. University of Georgia School 
of Medicine, Augusta. Professor of Medicine. 
(5, 1944) 

Sykes, Joseph F,, M.S.A., Ph.D. Michigan State 
College, E. Lansing. Research Assistant and 
Assistant Professor of Physiology and Pharma- 
cology. (1, 1942) 

Syverton, Jerome T., M.D. The University of 
Rochester School of Medicine and Dentistry and 
Strong Memorial Hospital, Rochester, N. Y. 
Associate Professor of Bacteriology . (4, 1940) 
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Tainter, M. L., M.A., M.D. Winthrop Chemical 
Company, Rensselaer, N; Y. Director of Rc- 
$carch. (1, 1929; 3, 1927) 

Tail, John, M.I3., D.Sc., E-R.S.E., F.R.S.C. 
McGill University, Montreal, Quo., Canada. 
Professor of Physiology (Retired). (1, 1919) 
Talbert, George A., Ph.D. University Station, 
Grand Forks, N. D. Professor of Physiology 
and Pharmacology, University of North Dakota. 
(1, 1919) 

Talbot, Samuel Armstrong, A.M., M.S., Ph.D. 
Wilmer Institute, Johns Hopkins Hospital, 
•Baltimore, Md. Instructor in Physiological 
Optics, Johns Hopkins University. (1, 1940) 
Taliaferro, 'William H., Ph.D, Department of 
, Bacteriology, University of Chicago, Chicago, 
HI. Eliakim H. Moore Distinguished Service 
Professor of Parasitology and Dean of the Divi- 
sion of Biological Sciences. (6, 1930) ' 
Tannenbaum, Albert, M.D. Michael Reese Hos- 
pital, 29th St. & Ellis Ave., Chicago, 111. Direc- 
tor, Department of Cancer Research. (4, 1942) 
Tashiro, Shiro, Ph.D., M.D. College of Medicine, 
Universitj' of Cincinnati, Cincinnati, O. Pro- 
fessor of Biochemistry. (1, 1913 ; 2, 1913) 

Tatum, Arthur L., M.S., PhJD., M.D. University 
of Wisconsin, Madison. Professor of Pharma- 
<^logg. (1, 1913; 3, 1919) 

Tauber, Henry. Ph.D. 1909 S. Sixth St., Phila- 
delphia, Pa. PuUicker Commercial Alcohol Com- 
pany, Supervisor of Ethyl Alcohol Fermentation. 
{2, 1933) 

Taylor, • Alonzo E., M.D. General Mills, Inc, 
200 Chamber of Commerce, Minneapolis, Minn. 
director of Research. Director Emeritus, Food 
Research Institute, Stanford University. (5, 
1933) 

Taylor, Alton'R., Ph.D. Duke University School 
of Medicine, Durham, N. C. Research Associate 
'h Experimental Surgery. (6, 1943) 

Taylor, Fred A., Ph.D. 320 E. North Ave., N.S., 
Pittsburgh, Pa. Biochemist, Singer Memorial 
kaioratory. (2, 1933) 

Taylor, Haywood M., M.S., Ph.D. Duke Uni- 
vetsity School of Medicine, Durham, N. G. 
Associate Professor of Biochemistry and Toxi- 
eotogy; Toxicologist to Duke Hospital. (4, 1942) 
TT®My Longstreet, Ph.D.* University of 
- hunesota, Minneapolis. Associate Physiologist, 
^oratory of Physiological Hygiene. (1, 1944) 
John Fuller, Ph.D. Washington University 
^ebool of Medicine, Euclid and Kingshighway, 
■ Louis, Mo. Assistant Professor in Biological 
^khenistry. (2,1944) 

Jersey Agricultural E.xper. 
ation, New Brunswick. Assoc. Biochem. in 
atr,, ond Assoc. Prof, of Ayr. Biochem., Rul- 
(5.1944) 


Taylor, Norman Burke, M.D., F.R.S. (Can.), 
M.R.C.S. (Eng.), L.R.C.P. (Lon.), F.R.C.S. 
(Edin.), F.R.C.P. (Can.). University of To- 
ronto, 5, Ontario, Ont., Canada. Professor of 
Physiology. (1, 1922) 

Teague, Robert S., M.D., Ph.D. Department of 
Pharmacology and Physiology, University of 
Alabama, University. Instructor in Pharmacol- 
■ ogy. (3, 1942) 

Templeton, Roy D., B.S. 5630 South Flores, San 
Antonio, Texas. (1, 1935) 

Ten Broeck, Carl, M.D. The !^ckefeller Insti- 
tute for Medical Research, Department of Ani- 
mal and Riant Pathology, Princeton, N. J. 
Member. (A, 1932; G, 1924) 

Tepperman, Jay, M.D,* 70 Howe St., New Haven 
11, Conn. Yale University School of Medicine, 
333 Cedar St., New Haven, Conn. Research 
Assistant, Instructor Rank. (1, 1944) 

Terplan, Kornel L., M.D. University of Buffalo, 
School of Medicine, Buffalo, N. Y. Professor of 
Pathology and Bacteriology. (A, 1935) 
Thannhauser, S. J., M.D., Ph.D. Tufts College 
Medical School, 30 Bennet St., Boston, Mass. 
Clinical Professor of Medicine; Associate Phy- 
sician in Chief, Joseph H. Pratt Diagnostic 
Hospital. (2, 1937) 

Thayer, Sidney Allen, Ph.D, 1402 S. Grand 
Blvd., St. Louis 4, Mo. Associate Professor of 
Biochemistry, St. Louis University School of 
Medicine. (2, 1933) 

Theiler, Max, M.D. Rockefeller Foundation, 
New York City. Member of Field Staff. (A, 
1938) 

Thienes, Clinton H., A.M., M.D., Ph.D. Uni- 
versity of Southern California School of Medi- 
cine, Los Angeles. Professor of Pharmacology. 
(3, 1928) 

Thomas, Arthur W., Ph.D. Columbia University, 
New York City. Professor of Chemistry. (2, 
1924) 

Thomas, Byron H., M.S., Ph.D. Iowa State Col- 
lege, Ames. Professor and Head,. Animal 
Chemistry and Nutrition, Iowa Agricultural 
Experiment Station. (5, 1933) 

Thomas, Caroline Bedell, M.D. The Johns Hop- 
kins Hospital, Baltimore, Md. Instructor in 
Medicine, Johns Hopkins University School of 
Medicine. (1, 1939) 

Thomas, J. Earl, M.S., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Physi- 
ology. (1, 1922 ; 3, 1924) 

Thompson, Marvin Russell, Ph.C., M.Ph., (Hon.) 
Ph.D. 113 W. ISth St., New York, N. Y. Presi- 
dent, IVilliam R. Warner and Co., Inc.; Presi- 
dent, Gustavus and Louise Pfeiffer Research 
Foundation; Director, Warner Institute for Ther- 
apeutic Research; Trustee, Columbia University 
College of Pharmacy; Trustee, and .Assistant 
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Wakeman, Alfred J., Ph.D, Hatfield Hill Road, 
Bethany, Conn. Retired. (2, 1906) 

Wakerlin, George E., Ph.D., M.D; University 
of Illinois Medical School, 1853 W. Polk St., 
Chicago. Professor of Physiology. (1, 1933; 
3, 1934) 

Wakim, Khalil G., M.D., Ph.D. University of 
Indiana Medical School, Bloomington. Professor 
of Physiology. (1, 1942) 

Wald, George, M.A., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
(1, 1934) 

Walker, Arthur M., M.D. University of Penn- 
sylvania, Philadelphia. Associate Professor of 
Pharmacology, Major, M.C. (1, 1932; 3, 1939) 
Walker, Burnham S., Ph.D., M.D. Boston Uni- 
versity School of Medicine, SO E. Concord St., 
Boston, Mass. Professor of Biochemistry. (2, 
1940) 

Walker, Ernest Linwood, S.D. Second and Par- 
nassus Aves., San Francisco, Calif. Professor 
of Tropical Med., The George Williams Hooper 
Foundation for Medical Research, University 
of California. (3, 1931) 

Wallace, George B., A.M., Sc.D, (hon.) M.D. 477 
First' Ave., New, York City. Professor of 
Pharmacology, New York University College 
of Medicine. (1, 1901; 2, 1906; 3, 1909) 
Wallen-Lawrence, Zonja, Ph.D. 4534 W. Pine 
Blvd., St. Louis, Mo. Lecturer on Nutrition and 
Diet, Washington University School of Dentistry. 
(2, 1937) 

Walter, Carl W., M.D. Harvard Medical School, 
25 Shattuck Street, Boston, Mass. Director, 
Laboratory for Surgical Research; Assistant Pro- 
fessor of Surgery, Harvard Medical School; 
Senior Associate in Surgery, Peter Bent Brigham 
Hospital. (4, 1942) 

Walters, Orville S., Ph.D., M.D. Central College, 
Buhler, ICan. President. (1, 1936) 

Walton, Robert P., M.A., Ph.D., M.D. Medical 
College of the State of South Carolina, Charles- 
ton. Professor of Pharmacology. (3, 1933) 
Walton, Seth T., V.M.D., M.S., Ph.D. City 
Health Department, Charlotte, N. C. Director 
of Laboratories and Research. (6, 1936) 

Walzer, Matthew, M.D. 20 Plaza St., Brooklyn, 
N. Y. Attending in Allergy, Jewish Hospital 
of Brooklyn. (6, 1924) 

Wang, Chi Che, M.S., Ph.D. 323 Belden Ave., 
Chicago, HI. Research Chemist, Children’s Me- 
morial Hospital; Assistant Professor, Dept, of 
Physiology, Northwestern University Medical 
College, Chicago. (2, 1922; 5, 1933) 

■ Wang, Shih-Chun, M.D., Ph.D.* Columbia Uni- 
versity College of Physicians and Surgeons, 630 
W. 16Sth St., New York City. Assistant Professor 
in the Department of Physiology. (1, 1943) 


Wangensteen, Owen Harding, M.D. University 
of Minnesota, Minneapolis. Professor of Sur- 
gery. (4, 1931) 

Warner, Emory D.,'M.D. Medical Laboratories 
Bldg., Iowa City, la. Associate Professor of 
Pathology. (4, 1937) 

Warren, Charles O., Ph.D., M.D. Cornell Uni- 
versity Medical College, 1300 York Ave., New 
York City. Assistant Professor of Physiology 
and Anatomy. (1, 1941) 

Warren, Madeleine Field, A.M., Ph.D. 9 High 
Rock St., Needham, Mass. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Afisoefete in Physiology. (1, 1933) 

Warren, Shields, M.D. Palmer Memorial Hos- 
pital, 195 Pilgrim Rd., Boston, Mass. Patho- 
logist, New England Deaconess Hospital; As- 
sistant Professor of Pathology, Harvard Medical 
School. (4, 1929) 

Wartman, William Beckman, M.D. Western 
Reserve University, 2085 Adalbert Rd., Cleve- 
land, O. Assistant Professor of Pathology. 
(4, 1940) 

Wasteneys, Hardolph, Ph.D., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor 
and Head of Department of Biochemistry. (2, 
1915) 

Wastl, Helene, M.D. Hahnemann Medical Col- 
lege and Hospital, Philadelphia, Pa. Research 
Associate in Pharmacology and Anatorny. (1, 
1939) 

Waterman, Robert E., B.S. Schering Corporation, 
86 Orange St., Bloomfield, N. J. (2, 1940) 

Waters, Ralph Milton, M.D. 1300 University Ave., 
Madison, Wis. Professor of Anesthesia, Univer- 
sity of Wisconsin. (3, 1937) 

Watson, Cecil J., M.D., Ph.D. Department of 
Medicine, University Hospital, Iffinneapolis, 
Minn. Professor and Head of Department of 
Medicine. (4, 1941) 

Watson, John B., A.M., Ph.D., LL.D. 420 
Lexington Ave., New York City. Vice Presi- 
dent of the J. Walter Thompson Co. (L 1907) 

Waud, Russell A., M.D., M.Sc., Ph.!). Medical 
School, University of Western Ontario^ London, 
Canada. Professor of Pharmacology- (L 1925; 
3, 1931) 

Waugh, David F., Ph.D.* Department of Biology 
and Biological Engineering, Massachusetts In- 
stitute of Technology, Cambridge. Assistant 
Professor of Physical Biology. (1, 1943) 

Wearn, Joseph T., M.D. " Lakeside Hospital, 
Cleveland, 0. Professor, of Medicine, Western 
Reserve University; Director of Medicine, Lake- 
side Hospital. (1, 1921) 

Weatherby, J. H., M.A., Ph.D. Naval Air Station 
Dispensary, Pensacola, Fla. Research Associate 
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in Phamacologi/, Medical College oj Virginia; 
Ikuknanl {M.C,) U.S.N.R. (3, 1941) 

Weber, Clarence J., M.D., Ph.D. University of 
Kansas Hospitals, Kansas City. Assistant Pro- 
fessor of Research Medicine. (2, 1931 ) 

Webster, Bruce, M.D,, C.M. Cornell University 
Medical College, 1300'Y'ork Ave., New York 
City. Assistant Professor Medicine; Associate 
Attending Physician, New York Hospital. (5 
1935) 


Weed, Lewis H., AXI., M.D,, Sc.D. Johns Hop- 
kins University Medical School, Baltimore, Md. 
Professor of Anatomy. (1, 1919) 

Wegria, Rend, M.D. Department of Medicine, 
Presbyterian Hospital, 622 W. 16Sth St., New 
York City. (1, 1941) 

Weichert, Charles K., Ph.D. University of Cin- 
cinnati, Cincinnati, O. Assistant Professor of 
Zoology. (1, 1935) 

Weil, Alfred J., M.D. Lederle Laboratories, Inc., 
Pearl River, N. Y. Immunologist. (G, 1940) 
Feil, Arthur, M.D. 161 East 71st St., New York, 


N.YL (4, 1940) 

lieil, Leopold, Ph.D. Eastern Regional Research 
Laboratory, U. S. Department of Agriculture, 
Chestnut Hill Station, Philadelphia, Pa. Asso- 
ciate Chemist. (2, 1942) 

^eir, Everett G., M.S., Ph.D. School of Medi- 
cine, Howard University, Washington, D. C. 
Assistant Professor of Physiology. (1, 1941) 
"^eiss, Charles, M.S., Ph.D., M.D. Jewish Hospi- 
tal, Y'ork & Tabor Roads, Philadelphia, Pa. 
Director of Laboratories. (4, 1934 ; 6, 1920) 
^’eiss, Emil, M.D., Ph.D. P. 0. Bo.x 714, Chicago, 
111 . Pathologist, Chicago Eye, Ear, Nose and 
Throat Hospital. (6, 1927) 

Ileiss, Paul, Ph.D. University of Chicago, 
Chicago, 111. Professor of Zoology. (1, 1936) 
"rich, Arnold D., Ph.D., M.D. Western Reserve 
University School of Medicine, Cleveland, O. 
Professor of Pharmacology. (3, 1942; 5, 1944) 
^'ilch, Arnold DeMerritt, Ph.D., M.D. Medical 
Research Division, Sharp and Dohme, Inc., 
Glenolden, Pa. Director of Research. (3, 1942) 
®lch, Henry, Ph.D. Bacteriological Section, 
L S. Food and Drug Administration, Washing- 
ton, D. G. Senior Bacteriologist. (6, 1932) 
old, Charles Beecher, M.A., M.D. Dalhousie 
University, Halifax, N.S., Canada. Professor 
0/ Physiology. ( 1 , 1936) , 
cd, Mrs. Julia T. College of Physicians and 
"negeons, 630 W. 168th St., New York City. 
W Associate in Pathology. (6, 1920) 

n'ker, William H., A.C., Ph.D., D. Sc. 1853 W. 
oik St., Chicago, Rl. Professor of Biological 


Phen 
^Icdicin 


nislry and Head of the Department, College of 
University of Illinois. (2, 1906) 


Weller, Carl Vernon, M.D. 1130 Fair Oaks Park- 
ivay, Ann Arbor, Mich. Professor of Pathology 
and Chairman, Department of Pathology, Uni- 
versity of Michigan. (4, 1923) 

Wells, Herbert S., M.D. Bowman Gray School of 
Medicine, Winston-Salem, N. C. Professor of 
Physiology and Pharmacology. (1, 1932) 

Wells, Joseph Albert, M.S., Ph.D. Northwestern 
University Medical School, Chicago, Hi. Asso- 
ciate in Pharmacology. (3, 1944) 

Wendel, William B., Ph.D. College of Medicine,. 
University of Tennessee, Memphis. Associate 
Professor of Chemistry.^ (2, 1932) 

Werkman, C. H., Ph.D. Science Hall, Iowa 
State College, Ames. Professor in Charge^ 
Department of Bacteriology. (2, 1942) 

Werle, Jacob M., M.D.* 4478 Broadale Ave.,. 

Cleveland, 0. 1st Lieutenant, M. C. (1, 1943) 
Werner, Harold W„ Ph.D. The Wm. S. MerrelJ 
Co,, Lockland Station, Cincinnati, O. Director 
of Pharmacology Research. (3, 1942) 
Wertenberger, Grace E., S.M., Ph.D.* Women’s 
Medical College of Pennsylvania, Philadelphia. 
Assistont Professor of Physiology. (1, 1943) 
Wesson, Laurence Goddard, Ph.D. Forsyth 
Dental Infirmary, Boston, Mass. Research 
Biochemist. (2, 1929; 3, 1932) 

West, Edward S., M.S., Ph.D. University of 
Oregon Medical School, Portland. Professor 
of Biochemistry. (2, 1926) 

West, Randolph, M.A., M.D. 622 W. 168th St., 
New York City. Associate Professor of Medi- 
cine, Columbia University. (2, 1931) 
Wesferfeld, Wilfred Wiedey, Ph.D. Harvard 
Medical Scliool, 25 Shattuek St., Boston, Mass. 
Assistant Professor of Biological Chemistry. 
(2, 1944) 

Weymouth, Frank W., Ph.D. Stanford Univer- 
sity, Calif. Professor of Physiology and Exec- 
utive of the Department: (1, 1917) 

Wheeler, George W., M.D. New York Hospital, 
525 E. 68th St., New York City. Superin- 
tendent. (6, 1920) 

Wheeler, Kenneth M., Ph.D. Bureau of Labora- 
tories, Connecticut State Department of Health, 
1179 Main St., Hartford. Research Micro- 
biologist. (6, 1938) 

Wheeler, Mary W., M.A. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany. Associate Bacteri- 
ologist. (G, 1933) 

Wheeler, Ruth, Ph.D. P. O. Box 444, Annapolis, 
Md. (2, 1915; 5, 1933) 

Wheelon, Homer, M.S., M.D. American Bank 
Bldg., Seattle, Wash. (I, 1919) 

Whipple, George H., M.D., Sc.D. University of 
Rochester, Rochester, N. Y. Professor' of 
Pathology and Dean of the School of Medicine and 
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Dentistry; Member of the National Academy of 
Sciences. (1, 1911; 4, 1913) 

White, Abraham, M.A., Ph.D. 333 Cedar St., 
New Haven, Conn. Associate Professor of 
Physiological Chemistry, Medical School, Yale 
University. (2, 1934; 5, 1937) 

White, Frank D., Ph.D., F.I.C. Medical College, 
University of Manitoba, Winnipeg, Canada. 
Assistant Professor of Biochemistry, Faculty of 
Medicine. (2, 1931) 

White, Harvey Lester, M.D. Station Hospital, 
A.P.O. 726, Seattle, Wash. Colonel, M.C.; Asso- 
ciate Professor of Physiology, Washington Uni- 
versity Medical School, St. Louis, Mo. (1, 1923) 
White, Julius; A.M., Ph.D. National Cancer Insti- 
tute, Bethesda, Md. Senior Biochemist. (At 
present on leave of absence while in Army of U. S.) 
(2, 1937) 

White, Paul Dudley, M.D., Massachusetts Gen- 
eral Hospital, Boston. Lecturer in Medicine, 
Harvard Medical School; Physician (in charge of 
Cardiac Clinics and Laboratory) , Mass. General 
Hospital. (3, 1921) 

Whitehead, Richard W., M.A., M.D. University 
of Colorado School of Medicine, 4200 E. Ninth 
Ave., Denver. Professor of Physiology and 
Pharmacology. (1, 1933; 3, 1928) 

Wiener, Alexander S., M.D. 64 Rutland Rd., 
Brooklyn, N. Y. Bacteriologist and Serologist 
to Office of Chief Medical Examiner of New York 
City; Head of Transfusion Division, Jewish 
Hospital of Brooklyn. (6, 1932) 

Wiersma, Cornelis A. G., M.A., Ph.D, California 
Institute of Technology, Pasadena. Associate 
Professor of Physiology. (1, 1941) 

Wiggers, Carl J., M.D., Sc.D. Medical School, 
Western Reserve University, Cleveland, O. 
Professor and Director of Physiology. (1, 1907; 

3, 1909) 

Wiggers, Harold C., Ph.D. College of Medicine, 
University of Rlinois, 1853 W. Polk St., Chi- 
cago. Associate Professor of Physiology. (1, 
1938) 

Wigodsky, Herman S„ Ph.D., M.D.* Research 
Division, Air Surgeon’s Office, Hdqtrs. of the 
Army Air Forces, War Department, Washington, 
D. C. Major, M.C.; Chief, Physiological Branch. 
(1, 1913) 

Wikler, Abraham, M.D. U. S. Public Health Serv- 
ice Hospital, Lexington, Ky. Surgeon (R), U. S. 
Public Health Service. (3, 1944) 

1 Wilde, Walter S., Ph.D.* Louisiana State Uni- 
versity Medical School, New Orleans. Assistant 
Professor of Physiology. (1, 1944) 

Wilder, Russell M., Ph.D., M.D. Mayo Clinic, 
Rochester, Alinn. Professor of Medicine, Mayo 
Foundation, University of Minnesota. (1, 1921; 

4, 1924; 5, 1933) 


Wiley, Frank H., ,M.S., Ph.D. Food and Drug ^ 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Senior Chemist. (2,1933) 
Wilhelmi, Alfred E., Ph.D. 333 Cedar St., New 
Haven, Conn. Yale University School of Medi- 
cine. Assistant Professor of Physiological Chem- 
istry, (2, 1942) 

Wilhelmj, Charles Martel, M.D. Creighton Uni- 
versity School of Medicine, Omaha, Neb. Pro- 
fessor of Physiology. (1, 1931) 

Wilkerson, Vernon A., M.D., Ph.D. Howard 
University Medical School, Washington, D. C. 
Professor and Head of Department of Bio- 
chemistry. (2, 1936) 

Williams, Edwin G., M.D:, D.T.M., D.T.H. 

U. S. Public Health Service Hospital, Lexington, 
Ky. Senior Surgeon U. S. Public Health Service, 
Director of Research, U.S.P.H.S. Hospital. 

(3, 1944) 

Williams, Harold H., Ph.D. 660 Frederick St., 
Detroit, Mich. Associate Director, Research 
Laboratory, Children's Fund of Michigan. 

(2, 1938; 5, 1936) 

Williams, Horatio B., M.D., Sc.D. Box 893, Green- 
wich, Conn. Dalton Professor of Physiology 
Emeritus, Columbia University. (I, 1912) 
Williams, J. W., M.S., Ph.D. University of Wis- 
consin, Chemistry Bldg., Madison. Professor of 
Chemistry. (2, 1944) 

Williams, Ray D., M.D. 6834 Waterman St., St; 

Louis, Mo. Research Fellow. (5, IQil) 

Williams, Robert R., D.Sc. Bell Telephone 
Laboratories, 297 Summit Ave., Summit, N.J. 
Chemical Director. (5, 1941) 

Williams, Robert Hardin, M.D. Thorndike Labo- 
ratory, Boston City Hospital, Boston, Mass., 
Associate in Medicine, Harvard Medical School; 
Assistant Physician, Thorndike Memorial Labo- 
ratory; Junior Visiting Physiciari, II and IV 
Medical Services (Harvard) Boston City Hos- 
pital. (4, 1940) 

Williams, Robert R., M.S., D.Sc. 297 Summit 
Ave., Summit, N. J. Chemical Director, Bell 
Telephone Laboratories. (2, 1919) 

Williams, Roger J.,' Ph.D., D.Sc. University of 
Texas, Department of Chemistry, Austin. 
Professor of Chemistry; Director, Biochemical 
Institute. (2, 1931) 

Wills, J. H., M.S., Ph.D.* University of Roches- 
ter, School of Medicine and Dentistry, Roches- 
ter, N. Y. Associate in Pharmacology. (I, 1943) 
Wilson, David Wright, M.S., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Benjamin Rush Professor of PhysiologicalChem- 
istriy. (1, 1915; 2, 1915) 

Wilson, Frank N., M.D. University Hospital, 

Ann Arbor, Mich. Professor of Medicine, Uni- 
versity of Michigan. (4, 1925) 
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Wilson, Karl M., M.D. University of Rochester, 
School of Medicine, Rochester, N. Y. Professor 
of Obstetrics and Gynecology. (4, 1927) 

Wilson, P. W., Ph.D. Department of Agricul- 
tural Bacteriology, University of Wisconsin, 
JIadison, Associate Professor in Agricultural 
Bacteriology. (2, 1939) 

Wilson, Robert H., Ph.D. U. S. Dept, of Agricul- 
ture, Western Regional Research Laboratory, 

. SOO Buchanan St., Albany, Calif. Pharmacolo- 
gist. (3, 1937) 

Winder, Claude V., Sc.D. 1927 De.xter Ave., Ann 
Arbor, hGch. Pharmacologist, Parke, Davis & 
Company, Detroit, Mich. (1, 1938) 

Windle, William Frederick, Ph.D. Northwestern 
University Medical School, 303 E, Chicago Ave., 
Chicago, HI. Professor of Anatomy. (1, 1937) 
Winkenwerder, Walter LaF., M.D. Brooklandville, 
Md. Associate in Medicine, Johns Hopkins 
Medical School. (6, 1938) 

Winkler, Alexander Woodward, A.M., M.D. 

' New Haven Hospital, 789 Howard Ave., New 
Haven, Conn. Assistant Professor of Medicine, 
Yale University School of Medicine. (I, 1940) 
Winter, Charles A., Ph.D. University of Okla- 
homa, School of Medicine, 801 E. 13th St., 
Oklahoma City. Assistant Professor of Physiol- 
ogy. (1, 1940) 

Winter, Irwin Clinton, Ph.D., M.D. University 
• of Oklahoma School of Medicine, Oklahoma City. 
Associate Professor in Pharmacology; Captain, 

M. C. (3,1941) 

Winters, Jet C., M.A., Ph.D. University of 
Texas, Austin. Professor of Home Economics. 
(5, 1933) 

Winternitz, M. C., M.D. Yale University School 
of Medicine, New Haven, Conn. Anthony N. 
Brady Professor of Pathology. (4, 1913) 
Wintersteiner, Oskar, Ph.D. The Squibb In- 
stitute for Medical Research, Now Brunswick, 

N. J. Head, Division of Organic Chemistry; 
Honorary Professor of Biochemistry, Rutgers 
University. (2, 1930) 

Wintrobe, Maxwell Myer, M.D., Ph.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor and Head of the Department of Internal 
'Medicine. (4, 1940) 

Wiseman, Bruce Kenneth, M.D. Kinsman Hall, 
Ohio State University, Columbus. Professor 
of Medicine; Assistant Director of Medical Rc- 
’ search. (4, 1932) 

Wislocki, George B., M.D. Harvard University 
^iledical School, 25 Shattuck St., Boston, Mass. 
Parkman Professor of Anatomy. (1, 1924) 
Witebsky, Ernest, M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Professor of 
Bacteriology and Immunolooy. (6, 1935) 


Witzemann, Edgar J., M.A., Ph.D. Service 
Memorial Building, University of Wisconsin, 
Madison. Associate Professor of Physiological 
Chemistry. (2, 1925) 

Wolbach, S. Burt, M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Shattuck Professor of Pathological Anatomy; 
Member, National Academy of Sciences. (4, prior 
to 1920) 

Wolff, Harold G., M.D., M.A. New York Hos- 
pital, 525 E. 68th St., New York City. Asso- 
ciate Professor of Medicine, Cornell University 
Medical College; Associate Attending Physician, 
New York Hospital. (1, 1930 ; 3, 1942) 

Wood, Earl H., M.S., Ph.D., M.D.* Mayo Aero- 
medical Unit, Mayo Foundation, Rochester, 
Minn. Assistant in Physiology. (1, 1943) 

Wood, Harland G., Ph.D. Dept, of Physiology, 
University of Minnesota, Minneapolis. Associate 
Professor, Physiological Chemistry. (2, 1944) 
Wood, Horatio C., Jr., M.D., Ph.M. 319 S. 41st 
St., Philadelphia, Pa. Professor of Pharma- 
cology and Therapeutics, University of Penn- 
sylvania; Professor of Materia Medica, Phila- 
delphia College of Pharmacy and Science. (3, 
1908) 

Woodbury, Robert A., Ph.D., M.D. University 
of Georgia, School of Medicine, Augusta. Pro- 
fessor of Pharmacology. (1, 1936; 3, 1941) 
Woodrnff, Lorande Loss, A.M., Ph.D. Yale 
University, New Haven, Conn. Professor of 
Protozoology; Member, National Academy of 
Sciences. (1, 1910) 

Woods, Alan C., M.D. Wilmer Institute, Johns 
Hopkins Hospital, Baltimore, Md. Ophthal- 
mologisl-in-Chief; Acting Professor of Ophthal- 
mology, Johns Hopkins University; Director, 
Wilmer Ophlhalmological Institute. (6, 1918) 
Woods, Ella, A.M., Ph.D. University of Idaho, 
Moscow. Home Economist, Experiment Station. 
(2, 1925; 5, 1933) 

Woodward, Alvalyn E., M.S., Ph.D. University 
of Michigan, Ann Arbor. Assistant Professor 
of Zoology. (1, 1932) 

Woodyatt, Rollin T., M.D. 237 E. Deleware 
Place, Chicago, HI. Professor of Medicine, Rush 
Medical College, University of Chicago. (2, 
1912) 

Woolley, Dillworth W., Ph.D, Rockefeller Insti- 
tute for Medical Research, 6Gth St., and York 
Ave., New York City. Fellow. (5,1941) 
Woolsey, Clinton N., M-.D. Johns Hopkins Uni- 
versity School of Jfodicinc, Baltimore, Md. 
Associate in Physiology. (1, 1938) 

Wright, Angus, M.D. University of Southern 
California Medical School, C57 S. Westlake Ave., 
Los Angeles. Pathologist, California Hospital. 
(4, 1935) 
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Wright, Arthur W., M.D. Albany Medical Col- 
lege, New Scotland Ave., Albany, N. Y. Pro- 
fessor of Pathology and Bacteriology, (4, 1941) 
Wright, Charles Ingham, M.S., Ph.D. National 
Institute of Health, Bethesda, Md. Senior Phar- 
macologist, U. S. Public Health Service. (1, 
1935; 3, 1936) 

Wright, George G., Ph.D. Dept, of Chemistry, 
California Institute of Technology, Pasadena. 
National Research Fellow. (6, 1943) 

Wright, Harold N., M.S., Ph.D. University of 
Minnesota, Minneapolis. Associate Professor 
of Pharmacology. (3, 1933) 

Wright, Sydney L., M. A., Ph.D. Endsmeet Farm 
Glenside, Pa. (2, 1933) 

Wulzen, Rosalind, M.S., Ph.D. Oregon State 
College, Corvallis. Assistant Professor of Zool- 
ogy. (1, 1916) 

Wyckofif, Ralph W. G., Ph.D. School of Public 
Health, University of Michigan, Ann Arbor. 
(6, 1940) 

Wyman, Jeffries, Jr., Ph.D. Harvard Univer- 
sity, Cambridge, Mass. Associate Professor of 
Zoology and Chairman of the Board of Tutors in 
Division of Biology. (1, 1928) 

Wyman, Leland C., Ph.D. Boston University 
School of Medicine, Boston, Mass. Associate 
Professor of Physiology. (1, 1927) 

Wynne, Arthur M., M.A., Ph.D,, F.R.S.C. De- 
partment of Biochemistry, University of To- 
ronto, Toronto, Canada. Professor of Biochem- 
istry. (2, 1940) 

Yerkes, Robert M., Ph.D. Yale Laboratories of 
Primate Biology, 333 Cedar St., New Haven, 
Conn, Professor of Psychobiology, Yale Uni- 
versity; Member of the National Academy of 
Sciences. (1, 1904) 


Yonkman, Frederick F., Ph.D., M.D. Ciba Phar- 
maceutical Products, Inc., Summit, N. J. Chief 
Pharmacologist. (3, 1931) 

Youmans, William Barton, M.A., Ph.D. Uni- 
versity of Oregon Medical School, Portland. 
Professor of Physiology. (1, 1939) 

Young, A. G., Ph.D., M.D. 520 Commonwealth 
Ave., Boston, Mass. Assistant Professor of 
Therapeutics, Boston University School of 
Medicine; Medical Director, Corey Hill Hospital, 
Brookline. (3, 1925) 

Young, E. G., Ph.D., F.R.S.C. Dalhousie Uni- 
versity, Halifax, N. S., Canada. Professor of 
Biochemistry. (2, 1925) 

Youngburg, Guy E., M.S., Ph.D. 66 Park Circle, 
Eggertsville, Buffalo, N. Y. Professor of Biologi- 
cal Chemistry, University of Buffalo. (2, 1927) 
Yuile, Charles L., M.D., C.M. Pathological In- 
stitute, McGill University, Montreal, Canada. 
Assistant Professor of Pathology. (4, 1941) 
Zechmeister, L. California Institute of Tech- 
nology, Pasadena. Professor of Organic Chem- 
istry. (2, 1941) 

Zeckwer, Isolde T., M.D. School of Medicine, 
University of Pennsylvania, Philadelphia. As- 
sistant Professor of Pathology. (1, 1934 ; 4, 1927) 
Zimmerman, Harry M., M.D., Lt. Comdr, (M.C.) 
USNR 1584 Boulevard, New Haven, Conn. 
(4, 1933) 

Zwemer, Raymund L., Ph.D. 5003 Battery Lane, 
Bethesda 14, Md. College of Physicians and Sur- 
geons, Columbia University, 630 W. 168th St., 
New York City. Assistant Professor of Anatomy. 
On leave: Dept, of State, Washington, D. C. (1, 
1930) 


Summary of Membership 

The American Physiological Society 878 

The American Society of Biological Chemists 638 

The American Society for Pharmacology and Experimental Therapeutics 307 

The American Society for Experimental Pathology 295 

The American Institute of Nutrition 271 

American Association of Immunologists 265 

Total Members by Societies 2654 


DECEASED MEMBERS 

Abel, John J. (1, 2, 3) May 26, 1938. 
Abbott, A. C. (1) September 11, 1936. 
Abramson, H. L. (6) April, 1934. 
Adami, J. George (2) August 29, 1926. 
Adler, Herman M. (2) December 6, 1935. 
Adler, Isaac (3) February 2, 1912. 
Alsberg, Carl L. (1, 2) October 31. 1940. 


Apfelbach, Carl Wesley (4) June 25, 1943. 
Armsby, H. P. (1) October 19, 1921. 
Atkinson, Harry V. (3) May 7, 1939. 
Atwater, W. O. (1) September 22, 1907. 
Austin, William C. (2) November 20, 1935. 
Bancroft, F. W. (1) August 23, 1924. 
Banting, F. G. (3) February 21, 1941. 
Banzhaf, Edwin J. (2, 6) March 17, 1931 . 


DECEASED MEMBERS 
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Barbour, Henry Gray (1, 2, 3) September 23, 1943. 
Benedict, Stanley R. (1, 2) December 21, 1936. 
Bergmann, Max (2) November 7, 1944. 

Beyer, Henry G. (1) December 9, 1918. 

Blacfc, Otis Fisher (2) October 14, 1933. 

Blackfan, Kenneth D. (5) November 5, 1941. 
Bleile, Albert M. (1) August 16, 1933. 

Bodansky, Meyer (2) June 14, 1941. 

Bowditch, Henry P. (1) March 13, 1911. 

Braman, Winfred W. (5) March 24, 1937. 

Brodie, Maurice (6) May 9, 1939. 

Brodie, Thomas G. (1, 2) August 20, 1916. 

Brown, Wade H. (3, 4) August 4, 1942. 

Brubaker, Albert P. (1) April 29, 1943. 

Bull, Carroll G. (6) May 30, 1931. 

Bullowa, Jesse G. M. (3, 6) November 9, 1943 
Burget, G. E. (1) June 4, 1938. 

Busch, Fred G. (1) January 3, 1914. 

Callison, William E. (3) February 26, 1937. 

Carrel, Alexis (1, 4) November S, 1944. 

Catfell, J. McKeen (1) January 20, 1944. 

Chapman, Henry C. (1) September 7, 1909. 
Chillingworth, F. P. (1) June 30, 1938. 

Chittenden, Russell H. (1, 2, 5) December 6, 1943. 
Clark, Admont Halsey (1) October 13, 1918. 

Clark, Earl P. (2) November 7, 1943. 

Clark, G. P. (l) September 1, 1907. 

Clarke, J. Alexander (6) 1943. 

Cleghom, Allen M. (I) March 20, 1916. 

Cohen, Seymour J. (3) June 11, 1942. 

Connor, Charles L. (4) June 12, 1941. 

Cook, Frank C. (2) June 19, 1923. 

Coombs, Helen C. (1, 3) March 4, 1944. 

Coulter, Calvin B. (4) May 10, 1940. 

Crawford, Albert C. (3) March 14, 1921. 

Crile, George W. (1, 3) January 7, 1943. 

Cnllen, Glenn E. (2, 5) April 11, 1940. 

Curtis, John G. ( 1 ) September 20, 1913. 

Cashing, Harvey (1, 4) October 7, 1939. 

^shny, A. R. (i) February 25, 1926. 

Dalton, J. C. (I) February 12, 1889. 

Dastrg, A. (Ih) October 25, 1917. 

Annoy, Joseph Rigney (4) September 17, 1941, 
Davis, Alice Rohde (2) August 22, 1933. 

Dawson, Wilfred T. (1, 3) September 19, 1939. 
Donis, Willey (I, 3) January 9, 1929. 

Donaldson, Henry H. (1) January 24, 1938. 

Dooley, David H. (1) April 11, 1927. 

Dreyer. George P. (1) February 27, 1931. 

Dunham, Edward K. (2) April 16, 1922. 

Dusset de Barenne, J. G. (1, 3) June 9, 1940. 
Wmunds, Charles W. (1, 3) March 1, 1941. 
^"Elcmann, Th. W. (Ih) May 20, 1909. 

P Harold N. (1, 3) June 25, 1943. 

^>ag> Ephraim MacDonald (1) August 27, 1925. 
' Oh, Richard H. (1, 3) January 7, 1939. 
p',!’ ^''orge W. (1) October 28, 1934. 
o'ln, Otto (1, 2, 3) October 26, 1934. 

®‘cr, Nellis Barnes (2) August 20, 1933. 


Franz, Shepherd Ivory (1) October 14, 1933. 
Gager, C. Stuart (2) August 9, 1943. 

Gates, Frederick L. (3, 4) June 17, 1933. 

Gay, Frederick P. (4, 6) July 14, 1939. 

Goodale, George L. (1) April 12, 1923. 
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